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Environmental Studies
P ub lic  Acceptance o f  Sludge Land A p p lica t io n  (82 pp.)
D ire c to r :  Carl Tobias
Increasing popu la tion  and s t r i c t e r  e f f lu e n t  discharge standards, 
have in te n s i f ie d  the problem o f  wastewater sludge d isposa l. The 
Milwaukee M etropo litan  Sewerage D i s t r i c t  (MMSD), in  planning fo r  
fu tu re  sludge d isp o sa l,  is  pursuing an enlarged sludge land a p p l i ­
ca t ion  program. Past experience o f  the MMSD and o f  land a p p lica ­
t io n  programs throughout the na tion , has shown th a t the land ap­
p l ic a t io n  o f  sludge is  not always acceptable to  the p u b l ic .  This 
th e s is  examines various sludge land a p p l ic a t io n  programs conducted 
by sewerage d i s t r i c t s  around the United States and uses these as a 
basis fo r  comparing and eva lua ting  the successes and problems en­
countered by the Milwaukee M etropo litan  Sewerage D i s t r i c t  in  i t s  
e f f o r t  to  loca te  sludge land a p p l ic a t io n  s i te s .  Research and data 
c o l le c t io n  methodology included p a r t ic ip a t io n  in  the Sewerage D is­
t r i c t ' s  pub lic  involvement program, personal in te rv ie w s , ana lys is  
o f  l i t e r a t u r e ,  federa l and s ta te  gu ide lines  and re g u la t io n s , MMSD 
sludge content and a p p l ic a t io n  method, and ana lys is  o f  sludge land 
a p p l ic a t io n  as a p ra c t ic a l  sludge disposal a l te rn a t iv e  fo r  the 
Nation. The re s u lts  o f  th is  study showed th a t  Milwaukee sludge is  
safe f o r  land a p p l ic a t io n  and provides b e n e f ic ia l  n u tr ie n ts  and 
organ ic m ateria l f o r  the s o i l  and crop; th a t pub lic  res is tance to 
the MMSD's past and present sludge land a p p l ic a t io n  has ca rr ie d  
over in to  the planning f o r  fu tu re  sludge land a p p l ic a t io n ,  and is  
based on the techn ica l e r ro rs  o f the p r iv a te  co n tra c to r  who hauled 
and app lied  the sludge. Fear o f  environmental and health hazard is  
unsubstantia ted. Public  involvement in  the planning o f a sludge 
land a p p l ic a t io n  program is  important fo r  program success.
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CHAPTER 1
THE SLUDGE DISPOSAL PROBLEM
The disposal o f municipal sewage sludge is  increasing ly  becoming 
an issue of pub lic  concern. More than 6 m i l l io n  dry m etric tons of 
sludge are produced a t municipal sewage treatment plants per year in the 
United States alone and as more treatment f a c i l i t i e s  convert to secondary 
treatment, th is  f ig u re  w i l l  reach 18 to 30 m i l l io n  dry metric tons per 
year by the year 2000.^
The breakdown o f municipal sewage sludge disposal is  t h i r t y - f i v e  
percent in c in e ra t io n ,  f i f te e n  percent ocean d isposal, tw en ty-f ive  percent 
l a n d f i l l ,  and tw e n ty -f ive  percent land app lica t ion . As disposal methods,
inc in e ra t io n  contributes to a i r  p o l lu t io n  and is  energy in tens ive , and
2
ocean dumping, which unreasonably degrades the ocean, is  p roh ib ited .
This leaves la n d f i l l  and land app lica t ion  as the most v iab le  a lte rna tives  
today. To many, land app lica t ion  o f sludge is  more appealing because i t  
permits waste recyc ling , thus making land app lica tion  a sludge " u t i l i ­
za tion " a l te rn a t iv e ,  not a "d isposa l" a l te rn a t iv e .  As the quantity  of 
sludge being applied to land increases, however, concern about, and 
resistance to ,  th is  d is p o s a l /u t i1iz a t io n  method has correspondingly 
increased.
P.P. P ra t t ,  et a l . ,  "Future D irection  o f  Waste U t i l i z a t io n , "  
Soils  fo r  Management o f Organic Wastes and Waste Waters, (Madison, 
Wisconsin, Soil Science Society o f America, 1977), p. 622.
2
Statement o f Merna Hurd before the Subcommittee on Oceanography, 
House of Representatives, March 18, 1982, (Washington, D.C.), p. 23.
1
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Milwaukee County presently faces a sludge disposal problem 
because o f increased population and service area, and s t r i c te r  sewage 
e f f lu e n t  discharge standards fo r  Lake Michigan. Because Milwaukee County 
is  developed in d u s t r ia l l y  and re s id e n t !a l ly ,  i t  has in s u f f ic ie n t  acreage 
in the quantity  needed fo r  land a p p lica t io n . The Milwaukee Metropolitan 
Sewerage D is t r i c t ,  MMSD, through i t s  "S ite  Spec if ic  Analysis" Program, 
thus is looking to neighboring ru ra l counties fo r  the 35,000 acres needed 
fo r  the next twenty years.
Because of the program's size and because the e x is t ing  Milwaukee 
Metropolitan Sewerage D is t r ic t  land app lica tion  program has encountered 
oppos it ion , the MMSD is  concerned about i t s  a b i l i t y  to successfu lly 
locate s u f f ic ie n t  acreage. Public concern over heavy metals and patho­
gens, and reactions to  an urban center tra n s fe r r in g  i t s  problem to a 
ru ra l environment must be addressed. The experience o f sludge land 
app lica t ion  programs throughout the nation shows tha t the d i f f i c u l t i e s  
associated w ith implementing these programs are often not technical but 
s o c ia l .
This thesis examines the Milwaukee land app lica t ion  program and 
s i t in g  e f fo r t  from p ro jec t i n i t i a t i o n  in  March, 1979, through June, 1980, 
when the p ro jec t was stopped by the Milwaukee Metropolitan Sewerage Dis­
t r i c t  because of problems in p ro jec t management. To understand the suc­
cesses, fa i lu re s ,  and problems of the Sewerage D is t r i c t ,  th is  thesis 
(a) examines the safety o f sludge as a so il amendment, (b) reviews case 
h is to r ie s  o f sludge land app lica t ion  programs around the nation, and 
(c) evaluates the perceived and actual r isks  associated w ith  the land 
a p p lica t io n  o f sludge and analyzes these w ith  respect to the MMSD present 
and proposed sludge land a p p lica t ion  program. The resu lts  of th is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
analysis are then reviewed from a national perspective to assess the 
p r a c t ic a l i t y  and im plica tions o f land a p p lica t ion  as a s ig n i f ic a n t  
a l te rn a t iv e  fo r  the fu tu re  d is p o s a l /u t i l iz a t io n  o f sludge.
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CHAPTER 2 
SLUDGE LAND APPLICATION 
S it in g
In loca ting  s ites  fo r  sewage sludge a p p lica t io n , several fac to rs  
must be considered to maximize the use o f sludge and to insure safe ty : 
the content of the sludge, the so il  properties of a po ten tia l app lica tion  
s i te ,  the crop to be grown, topography, and the in te r re la t io n s h ip  of 
environmental r isks  and benefits  o f each fa c to r .
Sludge Content and App lica tion  Rate
For sludge to be su itab le  fo r  land app lica t ion  i t  must contain 
elements essentia l fo r  p lant growth, such as n itrogen, phosphorus, and 
potassium and be applied w ith in  reasonable l im i ts  to assure environmental 
safety.
N itra te-N  applied in  excess of what can be removed by plants can 
cause ground water or surface water contamination by leaching or runo ff. 
Contamination o f d r ink ing  water supplies and accelerated eutrophication 
o f streams and lakes could subsequently occur.
Ground water contamination from excessive phosphorus app lica tion  
is  not a problem because so il  p a r t ic le s  have considerable capacity fo r  
re ta in ing  phosphate. The contamination o f surface water by phosphorus 
however is ,  a po ten tia l problem, and can re su lt  in  over production of 
weeds and algae. Potassium is  re ad ily  and t ig h t l y  held by so il p a r t ic le s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and poses no th rea t to ground and surface waters.
While a sludge must contain n itrogen, phosphorus, and potassium 
in amounts s u f f ic ie n t  fo r  p lan t growth, the a b i l i t y  of so i ls  to hold 
excess amounts of these elements must be considered p r io r  to the sludge's 
land app lica t ion .
Sludges also contain heavy metals. While trace amounts o f these 
metals are necessary fo r  p lant growth, th e ir  quantity  and a v a i la b i l i t y  
in  sludge must be c a re fu l ly  managed and monitored to reduce any po tentia l 
danger to the environment and human health. Because o f the controversia l 
nature of applying sludge containing heavy metals, a separate section in 
th is  chapter w i l l  address th is  subject.
Soil Properties and Content
Peats and mucks are composed of large quan tit ies  o f decaying 
vegetation and are associated w ith  extremely moist areas. The decaying 
materia l in combination w ith  the moisture, creates a so il extremely r ich  
in  n itrogen, phosphorus, and potassium. Adding sludge to peats and mucks 
would be wasteful and environmentally damaging, because the nu tr ien ts  
would not be used and thus would be lo s t  to ground and surface water. 
Contamination and eutroph ica tion  o f such environments would re s u l t .  A l l 
other s o il  types may receive sludge i f  th e i r  n u tr ie n t  and heavy metal 
content, in  combination w ith  those o f the sludge, is not excessive.
Crop
Plants d i f f e r e n t ia l l y  use nu tr ien ts  and accumulate heavy metals.
3
Wisconsin Department o f Natural Resources, Guidelines fo r  the 
App lica tion  of Wastewater Sludge to A g r icu ltu ra l Land in Wisconsin, 
Technical B u l le t in  No. 88, (Madison, Wisonsin, 1975), p. 7.
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This is  true not only fo r  d i f fe re n t  p lant types, i . e . ,  corn, le t tu c e , 
c a rro ts ,  but also fo r  the d i f fe re n t  parts o f the p lant i t s e l f ;  leaves, 
roots , seeds. Corn requires and uses more nitrogen than oats, and 
legumes require no f e r t i l i z e r  n itrogen, as they are capable of f ix in g  
nitrogen from the atmosphere. Table 1 shows the n itrogen, phosphorus, 
and potassium uptake o f various crops. Crops which u t i l i z e  the most 
nitrogen are preferable fo r  growth on sludge amended so ils  because the 
more nitrogen used, the less is  lo s t  to surface or ground water.
TABLE 1
NITROGEN, PHOSPHORUS, AND POTASSIUM 




Uptake in pounds/acres (Ib/A)
Ni trogen Phosphorus Potassi urn
Corn 10,080 lb 240 44 199
Soybeans 3,600 lb 336* 29 120
Grain Sorghum 8,000 lb 250 40 166
Wheat 4,480 lb 186 24 134
Oats 3,200 lb 150 24 125
Barley 4,800 lb 150 24 125
Corn Silage 1 32 ton 200 35 203
SOURCE: Chris J. Johansen, "S ite  Selection and Land Use consid­
e ra t io n s ,"  U t i l i z in g  Municipal Sewage Wastewaters and Sludges on Land fo r  
A g r icu ltu ra l Production, (East Lansing, Michigan, North Central Regional 
P ub lica tion , 1977), p . 38.
^While legumes receive most of th e i r  n itrogen from the a i r ,  i f  
mineral nitrogen is  ava ilab le  in  the s o i l ,  legumes w i l l  use i t  at the 
expense of f ix in g  n itrogen from the a i r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Plants accumulate more heavy metals w ith in  th e ir  leaves and roots 
than in th e ir  seeds. Because o f t h is ,  crops such as gra ins, which are 
harvested fo r  th e i r  seeds are b e tte r  fo r  growth on sludge amended so ils  . 
than lea fy  or root crops, and are the only crops permitted by federal law 
to be grown on such s o i ls .
Topography
S ite  topography is  important fo r  the safe app lica tion  of sewage 
sludge. Although the federal government has not established sludge land 
app lica t ion  re s tr ic t io n s  based on topography, many states have established 
l im i ts  to assure the protection  of human and environmental health. (Those 
established by Wisconsin are discussed in  chapter 3 .) The topographic 
features o f slope, depth to seasonal ground water tab le , distance to 
surface water, and distance to the nearest residence are of prime impor­
tance in loca ting  acreage su itab le  fo r  sludge land app lica tion .
To prevent sludge ru no ff ,  a s i te  should have minimal, or no slope. 
There should be s u f f ic ie n t  so i l  depth above the ground water table to 
f i l t e r  elements which could otherwise contaminate ground water. To avoid 
contamination, sludge land app lica t ion  s ites  should not be located near 
surface waters. S im i la r ly ,  sludge land app lica tion  s ites  should be 
located as fa r  as possible from any non-sludge receiving residences, to 
reduce the po ten tia l fo r  human-sludge contact.
Heavy Metals
Sources of Heavy Metals
The concentration o f heavy metals in  sludges generally re f le c ts  
the domestic and in d u s tr ia l  discharges to the wastewater system. Table 2 
id e n t i f ie s  the sources o f heavy metals found in sludge.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 2
SOURCE OF METALS TO THE ENVIRONMENT
Source
Element General Specif ic
Cd A g r icu ltu ra l
Indus tr ia l
Impure phosphate f e r t i l i z e r s  
E lec tro p la t in g , pigments, chemicals, a l lo y s ,  
automobile radiators and batte ries
Cr Indu s tr ia l Refractory b r icks , p la t ing  o f metals, dyeing and 
tanning, corrosion in h ib i to rs
Cu E le c tr ica l 
Plumbi ng 
In d u s tr ia l 
A g r icu ltu ra l
Wire, apparatus
Copper tubing, sewage pipes
B o ile rs ,  steampipes, automobile rad ia to rs , brass
Fungicides, f e r t i l i z e r s
Pb Plumbing
Indus tr ia l
Caulking compounds, solders 
Pigments, production of storage ba tte r ie s , 
gasoline add it ives , a n t i-co rros ive  agents 
in  e x te r io r  pa in ts , ammunition
Hg E le c tr ica l
Indus tr ia l
Household
A g r icu ltu ra l
Apparatus
E le c t ro ly t ic  production of ch lor ine  and caustic 
soda, measuring and control instruments, 
pharmaceuticals, ca ta lys ts ,  lamps (neon, 
flourescent and mercury-arc), switches, 
b a t te r ie s ,  r e c t i f i e r s ,  o s c i l la to rs ,  paper 
and pulp industr ies  
Paints, floor-waxes, fu rn i tu re  polishes, fa b r ic  
softeners, an tisep tics  
Fungicides
Ni Indus tr ia l E lec tro p la t in g , s ta in less and hea t-res is t ing  
s tee ls , nickel a l lo y s ,  pigments in paints 
and laquers
Zn A g r icu ltu ra l
Household
Indu s tr ia l
Plumbing
Pestic ides, super-phosphates 
Pipes, u te n s i ls ,  glues, cosmetic and pharmaceu­
t ic a l  powders and ointments, fa b r ic s ,  
porcelain products, o i l  co lors, an t isep tics  
Corrosion preventive coating, a lloys o f brass 
and bronze, b u ild in g , transporta tion  and 
appliance industr ies  
Galvanized sewage pipes
SOURCE; Wisconsin Department o f Natural Resources, Guide!ines 
fo r  the App lication o f Wastewater Sludge to A g r icu ltu ra l Land, Technical 
B u l le t in  NoTSB" (MadTsonl Wisconsin, 1975), p. 11.
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Heavy Metals and Soil Properties
When sludges containing heavy metals are applied to s o i ls ,  
chemical, phys ica l, and m icrobia l reactions occur. While the chemistry . 
o f heavy metals in  s o i ls  is  not e n t i re ly  understood, i t  is  known tha t 
metals added to s o i ls  in te ra c t  w ith clay minerals, organic matter, 
carbonates, hydroxides, hydrous oxides, and other chemicals.^ Metals 
present in soluble forms in  so il  water are subject to leaching and plant 
uptake, as well as re ten tion  in the s o i l .
The a b i l i t y  o f a so il  to re ta in  heavy metals must be considered 
p r io r  to sludge app lica t ion . A s o i l 's  re ten tion  capacity is dependent 
p r im a r i ly  upon s o il  pH and so il cation exchange capacity (CEC). Soils 
w ith  large CECs have a greater capacity to re ta in  metals, thereby 
decreasing the amount of heavy metals taken up by crops or leached to 
ground water. In general, there is  a d ire c t  re la t ionsh ip  between so il pH 
and the amount o f metals retained in  the s o i l ;  thus as so il  pH increases, 
the re tention  of heavy metals in the so il increases.
Metal re ten tion  is  also re la ted to numerous other fac to rs , such 
as the amount and type o f c lay minerals in  the s o i l ,  and the organic con­
ten t o f the s o i l ,  but CEC and so il pH are the two key so il ch a rac te r is t ics  
examined in analyzing the to ta l amount of sludge which can be applied 
over time (or the "cumulative app lica tion  ra te " ) ,  to a sp e c if ic  f ie ld .
Ground Water P o llu t ion  Potentia l
Concern ex is ts  over the p o s s ib i l i t y  o f heavy metal contamination 
o f ground water from the land app lica tion  of sludge. Results from one
I.E .  Somers, "P r inc ip les  of Land App lica tion  of Sewage Sludge,' 
U.S. EPA Technology Transfer Design Seminar fo r  Sludge Treatment and 
Disposal, (C inc inna ti,  Ohio, 1977), p. 3.4.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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study suggest tha t the movement o f cadmium and zinc could be a problem.^ 
Most in form ation , however, ind icates tha t heavy metal movement in  so ils  
to ground water is  n e g lig ib le  and tha t ground water contamination from 
heavy metals is  not l i k e ly  to re su lt  from a g r ic u l tu ra l app lica tion  o f 
sludge.G
Surface Water P o llu t io n  Potentia l
Wastewater sludge applied to land w ithout immediate incorporation 
in to  the s o i l ,  can be transported in  runo ff waters re su lt ing  in heavy 
metal p o l lu t io n  o f surface waters. Factors a f fe c t in g  runoff are: slope,
rate o f  so lids a p p lica t io n , water content o f sludge, ex is t ing  vegetation, 
weather conditions, and so il perm eability . Surface runoff can be 
con tro lled  by p rac t ic ing  conventional a g r icu l tu ra l so il conservation 
contro l mehods.^
E ffec t o f Heavy Metals on Plants
The high concentration o f heavy metals may re su lt  in decreased 
crop growth or p lan t death. This re s u l t ,  termed p h y to to x ic ity ,  may occur 
when sludge is  applied to land a t excessive rates (see Table 3). The
c
R. Anne Jones and G. Fred Lee, "Chemical Agents o f Health Sig­
n if icance in  Municipal Wastewater E ffluents and Sludges," Risk Assessment 
and Health Effects o f Land App lica tion  o f Municipal Wastewater Sludges, 
(San Antonio, Texas, 1977), p. 27.
^P.M. Giordino and D.A. Mays, E ffec t o f Land Disposal Applications 
o f Municipal Wastes on Crop Yields and Heavy Metal Uptake, (Washington, 
D.C., 1977), p. 14; Council fo r  A g r ic u ltu ra l Science andTechnology, 
App lica tion  o f Sewage Sludge to Cropland: Appraisal of Potentia l Health
Hazards" o f Heavy Metals to Plants and Animals, (Washington, D.C., 1976), 
p. 22.
^Thomas P. Wasbotten, "Public Health and Nuisance Considerations 
fo r  Sludge and Wastewater App lica tion  to A g r icu ltu ra l Land," Applications 
o f Sludges and Wastewaters on A g r icu ltu ra l Land: A Planning and Educa­
t io n a l Guide, (n.p. North Central Research Publishers, 1978), p. 9.3.
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metals o f most concern in  sludge are z inc , copper, n icke l,  and cadmium, 
and while excessive concentrations o f any o f these metals may re su lt  in 
crop damage, small quan tit ies  o f zinc and copper are essential fo r  p lant 
growth.
TABLE 3
POTENTIAL TOXICITY OF HEAVY METALS
Essentia li ty
Element Plants Animals Plants^ Animals
Cadmi urn No No Moderate High^
Chromium No No Low Low
Copper Yes Yes High Moderate
Lead No No Low High
Mercury No No Low High
Nickel No Yes High Moderate
Zinc Yes Yes Moderate Low
T o x ic ity
SOURCE; Wisconsin Department o f Natural Resources, Guidelines 
fo r  the App lication o f Wastewater Sludge to A g r icu ltu ra l Land, Technical 
B u l le t in  No. 88, (Madison, Wisconsin, 1975), p. 11.
^When metal is  applied to the s o i l ,
^Cumulative e ffe c ts .
The seeds of many crops contain lower concentrations of most heavy 
metals than do the vegetative t issues; thus gra ins , such as corn, t ra n s fe r  
s ig n i f ic a n t ly  smaller amounts o f metals to the food chain than lea fy
O
vegetables and root crops. Transfer of metals through the food chain
8Council fo r  A g r ic u ltu ra l Science and Technology, Application of 
Sewage Sludge to Cropland: Appraisal o f  Potentia l Health Hazards of
Heavy Metals to PI ants"and Animals, (Washington, D.C.. 19761. p. 29.
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can occur i f  l ives tock  ingest crops which have sludge p a rt ic le s  on them,
o r consume crops conta in ing high concentrations of heavy metals. As
cadmium does not seek muscle t issue , the food chain t ra n s fe r  o f metals
by humans eating meat should pose no problem. Crops processed fo r  refined
products, such as d i s t i l l e d  alcohol and sugar, are not l i k e ly  to trans fe r 
g
metals. The tra n s fe r  o f  metals through the food chain then, is  dependent 
upon the concentration o f the metal in  the p lan t, and the part o f the 
p lant being harvested. Table 4 notes the s e n s i t iv i ty  o f several crops to 
heavy metals.
TABLE 4
CROP SENSITIVITY TO HEAVY METALS













SOURCE: Southeastern Wisconsin Regional Planning Commission,
Planning Report No. 29, p. 79.
Cadmium
Cadmium is a nonessential element, tox ic  to plants and animals. 
I t s  safety as a component o f sludge is  yet to be determined; as the land 
a p p lica t ion  o f sludge has not been studied over a long enough time period 
to  ascerta in  i t s  behavior in so il and p lant t issue . Because of th is ,
I b i d . , p. 4.
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cadmium has become a major concern in sludge land app lica tion .
Smoking, in h a la t io n , and ingestion o f food are the primary 
pathways fo r  human intake o f cadmium. The human kidney is  the ta rget 
organ fo r  cadmium accumulation. Autopsies performed on ind iv idua ls  who 
were occupationally exposed to  cadmium fo r  extended periods, indicated 
tha t the kidneys contained c r i t i c a l  cadmium concentrations. At the 
c r i t i c a l  concentration, 200 micrograms (ug) cadmium per gram (g) wet 
weight o f the renal cortex, renal tubu lar dysfunction characterized by 
p ro te inu r ia  (excretion o f proteins in  the urine) is  expected to occur. 
Although th is  condition is  not f a ta l ,  continued excessive exposure to 
cadmium can lead to other kidney d is func tions .^^
The amount of cadmium concentrated in the body varies depending 
on foods consumed, whether the ind iv idua l smokes, and age. Table 5 sum­
marizes the average amounts o f cadmium expected to be ingested and 
retained by teenage males. (Teenage males are used because of th e i r  high 
c a lo r ic  in take, thus providing the worst case example.)
U.S. Environmental Protection Agency (EPA) s c ie n t is ts ,  a f te r  
reviewing models to ca lcu la te  cadmium intake and accumulation, reached 
the fo llow ing  consensus: "Ingestion o f 440 ug of cadmium per day over a
50 year period is  a reasonable estimate of the amount of cadmium necessary
1 7fo r  50% of the ind iv idua ls  w ith in  the population to develop p ro te in u r ia ."
Herbert P. Pahren, "An Appraisal o f the Relative Health Risks 
Associated w ith  Land App lica tion  o f Municipal Sludge," Paper Presented a t 
50th Annual Conference o f the Water P o llu t ion  Control Federation,
October, 1977, p. 2.
^^U.S. EPA, C r i te r ia  fo r  C la s s if ic a t io n  o f Solid Waste Disposal 
F a c i l i t ie s  and Practices; F in a l , In terim  F in a l, and Proposed Regulations, 
(Washington^, PTc., O ff ice  o f the Federal Register - 40 CFR 257, 1979), 
p. 53450.
12The regu la tion  fo r  cadmium intake has been promulgated as 
" in te r im  f i n a l . "  The regu la tion  thus is  subject to fu r th e r  change.
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TABLE 5









Dairy Products 704 5.7 4.0
Meat, f is h ,  
pou ltry 262 15.3 4.0
Grain, cereal 
products 424 23.3 9.9
Potatoes 177 48.0 8.5
Leafy vegetables 54 40.5 2.2
Legume vegetables 66 6.3 0.4
Root vegetables 32 32.3 1.0
Garden f r u i t 88 14.7 1.3
Frui ts 222 3.0 ; 0.7
O ils ,  f a t s , 
shorteni ng 72 15.3 i1
Sugars and adjuncts 83 10.0 i 0.8
Beverages ( inc lud ing 
water) 685 3.0 2.1
TOTAL 2,868 36
i1
SOURCE: Adapted from James B. Lucas et a l . ,  "The Impact o f
Metals Present in  Municipal Sludges Upon the Human Food Chain; A Risk 
Assessment," Risk Assessment and Health Effects on Land App lication of 
Municipal Wastewater and Sludges, (San Antonio, Texas, n .p . ,  1977), 
p. 135.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
The Jo in t  Food and A gr icu ltu re  Organization/World Health Organization 
(FAQ/WHO) has proposed a provis ional tolerance level fo r  cadmium in the 
human d ie t  o f 400 to 500 ug o f cadmium per week; based on a d a i ly  intake 
o f 1 ug cadmium per kilogram (kg) body w e i g h t . T h e  FAO/WHO has 
ind icated tha t a t the maximum recommended cadmium intake of 70 ug per 
day, i t  is  u n like ly  tha t the level o f  cadmium in the renal cortex w i l l  
exceed 50 ug/g wet weight. This provides a safety fa c to r  of four below 
the c r i t i c a l  concentration. The current average d a ily  cadmium intake of 
26 ug/day and 33 ug/day fo r  women and men respective ly  is  well below the 
70 ug/day l im i t  suggested by the FAO/WHO.
L ite ra tu re  ind icates tha t the amount o f cadmium in sludge applied 
in a given year influences the cadmium content in  p lant leaves to a 
greater extent than the to ta l cumulative amount o f cadmium applied over 
time.^^ The im p lica tion  of th is  is  tha t a t annual app lica tion  rates, 
most of the applied cadmium is  converted to forms of re la t iv e ly  low plant 
a v a i la b i l i t y .  Various f ie ld  and greenhouse studies have been conducted 
to quantify  the uptake o f cadmium by crops but because of d ifferences in 
experimental re su lts ,  i t  is  d i f f i c u l t  to make genera lizations.
U.S. EPA, C r i te r ia  fo r  C la s s if ic a t io n  o f Solid Waste Disposal 
F a c i l i t ie s  and Practices; F in a l,  In terim  F ina l, and Proposed Regulations, 
Washington O.C., O ff ice  of the Federal Register -~40~CFR 257, 1979), 
p. 53450.
^^James B. Lucas, et a l . ,  "The Impact o f Metals Present in 
Municipal Sludges Upon the Human Food Chain; A Risk Assessment, Risk 
Assessment and Health E ffects o f Land App lica tion  o f Municipal Wastewater 
and Sludges, (San Antonio, Texas, n .p . ,  1977), p. 134.
^^Council fo r  A g r icu ltu ra l Science and Technology, Application o f 
Sewage Sludge to Cropland: Appraisal of Potentia l Health Hazards of
Heavy Metals to Plants and Animals, (Washington, D.C., 1976), p. 29.
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Other Heavy Metals
Manganese, i ro n ,  aluminum, chromium, arsenic, antimony, t in ,  
boron, and mercury do not pose a serious hazard to crop production or 
accumulation when applied in wastewater s l u d g e . B e c a u s e  these metals 
have low s o lu b i l i t y  in  s l ig h t ly  acid or neutral so i ls  and are bound by 
clay and organic matter, th e i r  a v a i la b i l i t y  fo r  p lant uptake is  l im ite d .
Mercury, boron, and cobalt contained in land applied sludge w i l l  
not be absorbed by p lant roots a t leve ls  tha t are dangerous to consumers. 
Selenium and antimony pose re la t iv e ly  l i t t l e  hazard to plants and animals. 
While lead has a high degree o f po tentia l t o x ic i t y  to animals, i t  has a 
low degree of po ten tia l p h y to to x ic ity  and when sludge is  incorporated in to  
the s o i l ,  the lead content o f the above ground portions o f a plant is not
1 O
s ig n i f ic a n t ly  changed.
N icke l, molybdenum, copper, and zinc can accumulate in so ils  to 
phytotoxic le ve ls ,  and become concentrated in plants to levels which 
may be to x ic  to humans or animals by crop ingestion.
Nickel is  an essentia l trace element fo r  animals, however large
Herbert R. Pahren, e t a l . ,  "Health Risks Associated w ith  Land 
App lica tion  of Municipal Sludge," Journal o f the Water P o llu t ion  Control 
Federation, 1979, p. 2588; Council fo r  A g r icu ltu ra l Science and Technology, 
App lica tion of Sewage Sludge to Cropland: An Appraisal o f Potential
Hea1Ü1 Haza rds o f Heavy Metals to Plants and An i ma1 sT (Wa shi ngton, D.C. ,
1976), p. 2.
^^Eldon Kienholz, e t a l . ,  "Health Considerations Relating to 
Ingestion of Sludges by Farm Animals," Proceedings o f the National 
Conference on Disposal o f Residues on Land, (St. Louis, M is s o u r i ,n .p . ,
1976), p. 130.
IQ
Ib id . ;  Council fo r  A g r icu ltu ra l Science and Technology, Appl1- 
cation o f Sewage Sludge to Cropland: Appraisal o f Potential Health
Hazards o f Heavy Metals to Plants and Animals, (Washington, D.C., 1976), 
pp. 26-27; B.R. Sabley and W.E. Hart, "Land App lica tion  of Sewage Sludge: 
I -E f fe c t  on Growth and Chemical Composition o f P lan ts ,"  Journal of 
Environmental Q u a l i ty , 1975, p. 5.
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q u a n t it ie s  o f n ickel applied to so il rray cause p h y to to x ic ity  especia lly  
on a c id ic  s o i ls .  Maintenance o f the so il pH a t 6.5 or greater would 
s ig n i f ic a n t ly  reduce any deleterious e ffec ts  on plants and any p ro b a b il i ty  
o f food chain t ra n s fe r .
When molybdenum is  ava ilab le  at high le v e ls ,  plants may accumulate 
concentrations great enough to cause disturbance in copper metabolism, 
or nolybdenosis, in ruminants ingesting such p lants. Most sludge, 
however, contains very low concentrations of molybdenum, and few health
Of)
problems are an tic ipa ted fo r  grazing animals.
While to x ic  at high concentrations, copper is  an essential trace
metal fo r  plants and animals, inc lud ing humans. Sludge often contains
s ig n i f ic a n t  levels o f copper, but i t s  app lica tion  to land only increases
s l ig h t ly  copper concentrations of p lants. Further, copper p h y to tox ic ity
would o rd in a r i ly  in h ib i t  p lant growth p r io r  to the concentration o f
21copper at leve ls hazardous to humans and animals.
Zinc is the most abundant and rrost valuable, essential trace
metal in sludge fo r  crops, animals, and humans. Zinc defic iency in  p lants,
22l iv e s to c k ,  and human d ie ts  is frequently  reported. Because zinc is more
James B. Lucas, e t a l . ,  "The Inpact of Metals Present in 
Municipal Sludges Upon the Human Food Chain: A Risk Assessment," Ri sk
Assessment and Health E ffects  on Land App lication of Municipal Wastewater
and Sludges, (San Antonio, Texas, n .p . ,  1977),~p. 137; Council fo r  
A g r icu ltu ra l Science and Technology, Application of Sewage Sludge to 
Cropland: Appraisal of Potentia l Health Hazards of Heavy Metals to
Plants and Animals, (W ash ington ,D .C V ,1976), p. 14.
ZO lb id ., p. 133; Ib id . ,  p. 4.
^ ^ Ib id . ,  p. 132; Ib id . ,  p. 3; Dennis R. Keeney, "Environmental
Impact o f Cadmium and Other Heavy Metals from Land-Applied Sewage Sludge," 
Technical Report, (Madison, Wisconsin, Water Resources Center, 1976), 
p. 6.
22James B. Lucas, et a l . ,  "The Impact o f Metals Present in
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to x ic  to p lants than animals, p h y to to x ic ity  should occur before reaching 
the consumer.
Land App lication Methodology 
Once a s ite  has been proven te ch n ica l ly  sound fo r  sludge land 
a p p lica t io n , the method of app lica tion  becomes important fo r  assuring 
so il and crop bene fit  w ithout environmental hazard and social complaint. 
Two sludge app lica tion  methods are presently used.
Surface Applica tion and Discing
The most commonly used method is  sludge surface app lica tion  and 
discing. Sludge in  nursing or ram-eject trucks is  applied to a f i e l d  
surface as the truck slowly drives across the f ie ld .  A modified plow 
fo llows the truck discing the sludge in to  the s o i l .  When properly done, 
there should be no sludge v is ib le  and no odor.
Subsurface In jec t io n
Manufacturers of f e r t i l i z e r  equipment have recently  developed a 
subsurface in je c t io n  method. Sludge is  d ire c t ly  in jec ted  in to  the so il 
through a series o f feeder tubes as a p low -like  piece of equipment drives 
across a f ie ld .  This method's advantages are: (1) app lica tion  and so il
incorporation are accomplished in  one step instead ot two, (2) sludge is 
never v is ib le  because i t  is  in jec ted  below the surface, and (3) no odor 
arises because there is  immediate deposit below the soil surface. This
Municipal Sludges Upon the Human Food Chain: A Risk Assessment," Risk
Assessment and Health E ffec t on Land Application of Municipal Wastewater 
and Sludges, (San Antonio, Texas, n .p . , 1977), p. 133.
23 Dennis R. Keeney, "Environmental Impact o f Cadmium and Other 
Heavy Metals from Land-Applied Sewage Sludge," Technical Report, (Madison, 
Wisconsin, Water Resources Center, 1976), p. 6.
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method is  not ye t competitive with surface app lica tion  and discing because 
i t  is  new, co s t ly ,  and requires acqu is it ion  o f new equipment.
Sludge App lica tion  Rates 
While there is consensus tha t sludge has a n u tr ie n t resource 
which can be u t i l iz e d  on land, there is  l i t t l e  agreement on allowable 
sludge app lica tion  rates. Generally, i t  is  agreed tha t annual sludge 
app lica t ion  should be based on the nitrogen content o f the sludge and the 
n itrogen needs of the crop to be grown. The heavy metals content of 
sludge and th e i r  accumulation in  so ils  should determine the cumulative 
app lica tion  rate o f sludge to land. To reduce or minimize the r is k  of 
p h y to to x ic i ty ,  the United State Environmental Protection Agency has 
recommended maximum l im i ts  o f metals add it ion to so ils  (see table 5 ), and 
has recommended both annual and cumulative app lica tion  rates fo r  cadmium 
(see tables 7 and 8).
TABLE 5
U.S. EPA RECOMMENDED CUMULATIVE METAL LOADINGS
Metal
Maximum Cumulative Application (kg/ha) 
Soil CEC (meq/lOOg)
<5 5-15 >15
Lead 500 1,000 2,000
Zinc 250 500 1,000
Copper 125 125 500
Nickel 50 50 200
Cation exchange capacity fo r  a so il is  determined p r io r  to 
so lids  a p p lica t io n , expressed in mi 11iequ iva lents per 100 grams o f .soil 
(meq/lOOg).
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TABLE 7
U.S. EPA ANNUAL CADMIUM APPLICATION LIMITS
Time Period Annual Cd Application L im it (kg/ha)
Present to June 30, 1984 
Ju ly 1, 1984 to Dec. 31, 1986 





U.S. EPA CUMULATIVE CADMIUM APPLICATION LIMITS








l 6 . 5
Background Soil 
pH Adjusted to 
^ 6 .5
< 5 5 5 5
5-15 5 10 10
> 15 5 20 20
SOURCE; U.S. Environmental Protection Agency, C r i te r ia  fo r  
C la s s if ica t io n  o f Solid Waste Disposal F a c i l i t ie s  and Practices; F in a l , 
In terim  F in a l, and Proposed Regulation, (Washington, D.C.,  O ffice  of the 
Federal Regis ter, 1979), p. 53462.
Pathogens
None of the conventional sewage treatment methods is  completely 
e f fe c t iv e  fo r  pathogen destruction . Members of each group of sewage 
pathogens can survive sewage treatment, although at reduced numbers, and 
can be recovered from the receiv ing s o i l .  Table 9 notes the human enteric  
pathogens found in  sludge. Depending on the type o f primary and secondary
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HUMAN ENTERIC PATHOGENS OCCURRING IN SLUDGE 
AND THE DISEASES ASSOCIATED WITH THEM
Pathogens Diseases
V ib r io  cholerea Cholera
Salmonella typhi Typhoid
Shingella species Bacteria l dysentary
Bacteria Proteus species Diarrhea
Coliform species Diarrhea
Clostrid ium species Botu li sm
Pseudomonas species Local In fection
In fec tious  h e p a t it is  v irus Hepatit is
Echovi ruses Enteric & other diseases
Vi ruses Coxsakie v irus Enteric & other diseases
Poliov irus
Epidemic g a s tro e n te r i t is
Po liom ye lit is
vi rus G astroen terit is
Entamoeba h is to ly t ic a Amoebic dysentary
Balantidium co li Ba lan tid ia ! dysentary
Isopora hominis & others Coccidiosis
Parasites Giardia lambia Diarrhea
Pinworms (eggs) Ascariasi s
Tapeworms Tapeworm In fes ta t ion
L ive r & In te s t in a l Flukes L ive r and In te s t in a l 
In fes ta t ion
SOURCE: Committee on a Multimedium Approach to Municipal Sludge
Management, Multimedium Management o f  Municipal Sludge, (Washington, 
D.C. ,  National Academy o f Sciences, 1977), p. 63.
24James L. Smith and Edward H. Bryan, eds., Williamsburg Con­
ference on Management o f Wastewater Residuals, (Williamsburg, V irg in ia ,  
1975), p. 31:
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The bacte ria l diseases of humans tha t are possible hazards in the 
use o f sewage sludge are those o rd in a r i ly  spread by water. However, 
in fec t ious  bacte ria l diseases which require special animal or insect 
vectors, or d ire c t  person-to-person contact, and do not in fe c t  through 
water, are u n l ik e ly  to  survive and in fe c t  via waste on land.^^ The 
danger o f pathogens from sludge land app lica tion  arises from the 
p o s s ib i l i t y  o f p lan t surface contamination, because pathogens do not 
enter the p lant i t s e l f .
Bacteria
Bacteria are g rea tly  reduced in number by drying, sun ligh t or 
so i l  competition when sludge is  applied to  land, and the addition of lime 
to the so il in quan tit ies  s u f f ic ie n t  to maintain a pH between 11 and
11.5 destroys pathogenic bacteria . Contamination of plants can occur 
by d ire c t  surface contact and ra in  splashes and i f  cracks or s p l i t s  in  
the vegetative surfaces provide protection fo r  the bacteria from sunlight 
and dry ing. Bacteria n a tu ra l ly  occurring in the so il out compete bacteria 
in sludge. The numbers and a c t iv i t y  o f so i l  bacteria  depend on the 
ava ilab le  food supply and other environmental fa c to rs ,  such as pH, 
moisture, oxygen supply, temperature, s a lt  concentration, so il tex tu re , 
and ava ilab le  n u tr ie n ts .  Any practice  which increases the organic food 
supply, such as the app lica tion  o f sludge, increases the number of so il
pc
J.D. Menzies, "Pathogen Considerations fo r  Land Application of 
Human and Domestic Animal Waste," Soils fo r  Management o f Organic Wastes 
and Waste Waters, (Madison, Wisconsin, Soil Science Society of America,
1977), p. 576.
^^Wisconsin Department o f Natural Resources, Guidelines fo r  the 
App lica tion  of Wastewater Sludge to A g r icu ltu ra l Land in Wisconsin, Tech­
n ica l B u l le t in  No. 88, (Madison, Wisconsin, 1975), p. 22. ^
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27bacte ria . Survival time fo r  land applied bacteria is  one to two 
weeks.
Virus
Viruses may p e rs is t  in  so i ls  and on vegetation fo r  several weeks 
or months but w i l l  eventually  become inactiva ted  i f  exposed to sun ligh t 
and drying. Most enterovirus in fec t ions  occur early  in  human l i f e  and 
are usually subc lin ica l, thus fo r  humans. H epatit is  A is  the virus of 
greatest concern from sludge transmission. Viruses are excreted only by 
in fected persons, and in numbers very much smaller than the bacteria 
excreted by a l l  people. The importance of viruses in water, however, is 
in i n f e c t i v i t y ,  not numbers. Even a small number of viruses can threaten 
a community.
Viruses tend to c l in g  to the s ite  where the sludge is applied, 
and move slowly away from the s i te  as a function of so il type, pH, and 
the amount of add it iona l water applied. Virus re tention in so ils  is  an 
adsorptive process tha t is  h igh ly  e f f i c ie n t  at pH values o f 7 to 7.5; but 
which decreases at higher pH values.
Parasi tes
L i t t l e  is  known about p a ra s it ic  disease transmission via sludge 
amended s o i ls .  P a ra s it ic  ova and cysts are quite  rés is ten t to wastewater 
treatment processes and adverse environmental conditions. Ascaris eggs 
are among the hardiest o f parasite ova and cysts found in  sludge, and can 
remain v iab le and in fe c t iv e  in s o i ls  and crops fo r  several years.
27 James P. Martin and Dennis D. Focht, "B io log ica l Properties of 
S o i l , "  Soils fo r  Management of Organic Wastes and Waste Waters, (Madison, 
Wisconsin. Soil Science Society o f America, 1977), p. 117.
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Threat o f Pathogens
Although a th rea t from pathogens e x is ts ,  there has never been a
c ited  case o f  disease transmission from sludge application.^® Q uantitative
data on pathogen populations and k ine tics  in  sludges and so il  however,
are not ye t s u f f ic ie n t  to  permit conclusions concerning the health hazard
posed. Stra ins o f pathogens are widespread and th e i r  presence in  so il or
water in low numbers may not be re lated to sewage p o l lu t io n .  The resu lts
of one study showed th a t P. aeruginosa could be detected in 24% o f so il
samples taken from vegetable growing areas in C a lifo rn ia  where there was
pq
no sewage sludge applied. The Food and Drug Administration (FDA), 
recognizing both the po tentia l health hazard and the importance of land 
applying sludge, recommends tha t food crops consumed raw should not be 
planted w ith in  three years of the land app lica tion  of sludge.
I f  sludge is  in t e l l ig e n t ly  applied to s o i l ,  the so il is an 
e f f ic ie n t  and safe place fo r  the u t i l i z a t io n  of sludge. By serving as 
a carbon and energy source, sludge increases the number and a c t iv i t y  of 
most benefic ia l so il organisms, and the increased a c t iv i t y  enhances 
m icrobial competition which reduces the a c t iv i t y  o f many plant root
on
parasites and destroys most animal pathogens.
no
James L. Smith and Edward H. Bryan, eds., Williamsburg Con­
ference on Management of Wastewater Residuals, (Williamsburg, V irg in ia ,  
1975)', p. 48; J.D. Menzies, "Pathogen Considerations fo r  Land Application 
of Human and Domestic Animal Waste," Soils fo r  Management o f Organic 
Wastes and Waste Waters, (Madison, Wisconsin, Soil Science Society of 
America, 1977), p. 580.
90
J.D. Menzies, "Pathogen Considerations fo r  Land Application o f 
Human and Domestic Animal Waste," Soils fo r  Management o f Organic Wastes 
and Waste Waters, (Madison, Wisconsin, Soil Science Society o f America,
1977), p. 571.
®®James P. Martin and Dennis D. Focht, "B io log ica l Properties o f 
S o i l , "  Soils fo r  Management o f Organic Wastes and Waste Waters, (Madison, 
Wisconsin, p. 161.
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Sludge Versus Commercial F e r t i l i z e r  
Concentrations o f nu tr ien ts  are considerably lower in  sludge 
than in  commercial f e r t i l i z e r ;  thus sludge must be applied very heavily 
in  comparison to inorganic f e r t i l i z e r s .  For example, the n u tr ie n t 
content o f MMSD sewage sludge is  approximately three percent to ta l 
n itrogen, f ive -a n d -a -h a lf  percent phosphorus, and one-half percent 
potassium, to ta l in g  nine percent on a dry weight basis. The average
to ta l dry weight fo r  chemical f e r t i l i z e r s  used in 1972 was fo r ty - th re e -
31and-two-tenths percent.
In terms o f economics, however, sludges represent a s ig n if ic a n t
f e r t i l i z e r  resource. Calculated equivalent f e r t i l i z e r  values of sludge
range from $12 per metric ton on a dry weight basis, to $75. In a
comparison of sludge and commercial f e r t i l i z e r  i t  was found tha t while a
smaller app lica tion  o f commercial f e r t i l i z e r  produced y ie lds  in the f i r s t
year s im ila r  to those from land treated w ith  sludge app lica tions , the
fo llow ing  year the y ie ld  o f the commercially treated plots dropped more
markedly than tha t o f the sludge treated plots because of the delayed
33release of nitrogen and phosphorus from sludge.
Public Reaction to  Sludge 
Land Application
The previous discussion shows tha t sewage sludge can be safe ly
Committee on a Multimedium Approach to Municipal Sludge Manage­
ment, National Academy o f Sciences, Multimedium Management of Municipal 
Sludge, (Washington, D.C., 1977), p. 45.
^^U.S. EPA, Municipal Sludge A g r icu ltu ra l U t i l iz a t io n  P ractices: 
An Environmental Assessment, (Washington, D.C., Government P r in ting  
O ff ic e ,  1978)% p. 11.
Committee on a Multimedium Approach to Municipal Sludge Manage­
ment, National Academy o f Sciences, Multimedium Management of Municipal 
Sludge, (Washington, D.C., 1977), p. 46.
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applied to land w ith  benefits  to the s o i l ,  crop, farmer, and society in 
terms o f a safe, resourceful way to dispose of sludge. Despite th is  
bene fic ia l prospect fo r  disposing o f the na tion 's  increasing sludge, and 
supplementation of the decreasing quan tit ies  o f the nation 's  fo s s i l  fuels 
used in commercial f e r t i l i z e r s ,  land app lica tion  is often strongly 
opposed by the sludge-receiving community. Most sludge land app lica tion  
programs have been delayed and/or halted e n t ire ly  because o f strong public 
opposition.
The fo llow ing  discussion examines the conclusions reached by 
observers o f sludge land app lica tion  in  nineteen spec if ic  programs. This 
information w i l l  then be applied to the Milwaukee Metropolitan Sewerage 
D is t r i c t 's  sludge land app lica tion  program, in chapter three of th is  
th e s is .
Observations and Case Studies
Of the nineteen programs studied, ten have encountered no problems 
or public  resistance. (See table 10 fo r  the complete l i s t  o f case 
s tud ies .)  Of these ten however, seven were in i t ia te d  p r io r  to 1970 (see 
table 11). The responses o f public o f f i c ia ls  responsible fo r  these pro­
grams reveal tha t the general pub lic  was unaware o f the programs and, 
thus, expressed no opposition. This unawareness, can be linked in  part 
to the lack o f environmental and public p a r t ic ip a t io n  le g is la t io n  at the 
time o f program in i t i a t io n .
The three post-1970 programs which were successful were imple­
mented on privately-owned land. The s ign if icance  of th is  can only be
^^U.S. EPA, Municipal Sludge A g r icu ltu ra l U t i l iz a t io n  P rac tices : 
An Environmental Assessment, (Washington,D)C., Government P r in t ing  
O ff ic e ,  1978), p. 19, 112, 306.
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TABLE 10
SLUDGE LAND APPLICATION 
PROGRAMS REVIEWED
Chicago, I l l i n o i s  
Chippewa F a l ls ,  Wisconsin 
Columbus, Ohio 
Denver, Colorado 
F a y e t te v i l le ,  North Carolina 
F rankfo rt, Indiana 
H opk insv il le , Kentucky 
Ind ianapo lis , Indiana 
Las Virgenes, C a li fo rn ia  
Macon County, Georgia
Madison, Wisconsin 
Muskegon County, Michigan 
Philadelphia, Pennsylvania 
St. Mary's, Pennsylvania 
S p r in g f ie ld ,  Missouri 
Unnamed Ohio M unic ipa lity  
Wilmington, Ohio 
Winston-Salem, North Carolina 
Wood County, Ohio
TABLE 11
SLUDGE LAND APPLICATION PROGRAMS WITH 
NO PUBLIC OPPOSITION
Sludge Generator Year of Program In i t ia t io n
St. Mary's, Pennsylvania 1965
Columbus, Indiana 1969
Frankfo rt, Indiana 1964
Wilmington, Ohio 1959
H opk insv il le , Kentucky 1967
Macon, Georgia 1965
S p r in g f ie ld ,  Missouri 1961
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in fe rre d  with respect to the Henningson, Durham, and Richardson study, 
which concluded tha t the purchase of a land app lica tion  s i te  by the 
sludge-generating d i s t r i c t  often creates public opposition because land , 
is removed from the tax ro les . Of the cases studied in  th is  thes is , 
th is  was true only fo r  the Metro Denver program.
S im ila r ly ,  Dotson and Ryan observed tha t sludge app lica tion  
conducted on land w ith in  the sludge-generating d i s t r i c t  was ra re ly  opposed 
and tha t opposition only arose when the sludge generator t r ie d  to use 
e x t r a - d is t r i c t  s ite s . No conclusive statement can be made about Dotson 
and Ryan's obervations on the basis of the case studies examined in th is  
thes is ,  because only two out o f the f iv e  programs s i t in g  w ith in  th e ir  own 
d i s t r i c t  were successful. The Philadelphia sludge land app lica tion  pro­
gram does, however, lend credence to Dotson and Ryan's observation. 
Resistance to th is  program was only encountered when s i t in g  attempts and 
sludge app lica tion  were made outside the d is t r ic t .
The U.S. EPA has noted that the sale of sludge has been unsuc­
cessfu l.^^  In seventeen of the nineteen case studies examined, no fee 
was ever charged to sludge rec ip ien ts . Sludge-applying sewerage d is t r ic t s  
believe tha t farmers w i l l  only take sludge i f  i t  is  free — and a t th a t,  
sludge d is tr ib u to rs  feel fo rtuna te  tha t the farmers w i l l  take i t .  As to 
the other programs, one charges a token $1.50, and the other charges $22 
per acre. Both of these programs have been successful. Again, i t  is 
d i f f i c u l t  to make a d e f in i t iv e  statement concerning these f ind in g s , but
Henni ngson, Durham, and Richardson, Land Application Plan, 
Executive Summary, (Twin C it ie s ,  Metropolitan Waste Commission, 1978), 
p. 1.27.
^^Belford L. Seabrook, "Land App lication o f Wastewater w ith  a 
Demographic Eva lua tion ," Proceedings of the Jo in t Conference on Recycling 
Municipal Sludges and Effluen^ts on Land, (Washington, D.C., U.S. EPA, 
1973), p. 22.
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there may be public  suspicion o f a free p rod jc t.
Dotson and Ryan, and in  a separate study, Carson, observed tha t 
resistance to sludge land app lica tion  was more l i k e ly  when rural resicbnts 
perceived tha t another community was imposing i t s  problem on them.^^ The 
Metropolitan Sanitary D is t r ic t  o f Greater Chicago encountered th is  in i t s  
app lica tion  to land w ith in  ru ra l Fulton County. Twenty-five percent of 
the reg is te red  voters there signed a p e t i t io n  asking tha t agencies outside 
the county be stopped from spreading sludge on th e i r  land. Jack H i l l ,  a 
representative of the Ohio Farm Federation Farm Bureau observed tha t the 
farmers and rura l land owners in Ohio, b a s ica lly  saw the sludge disposal/ 
app lica tion  problem as a c i ty  problem, and believed tha t the c i ty  should
oo
f in d  a so lution to i t s  problem w ith in  i t s  own ju r is d ic t io n .  The
resistance of communities to assuming another community's problems is  also
oq
supported by a Council on A g r icu ltu ra l Science and Technology study.
A repeated theme in sludge app lica tion  l i te ra tu re  and in case study 
review is tha t resistance to sludge land app lica tion  is  based on soc ia l/ 
p o l i t i c a l ,  not technical issues. The EPA, a f te r  surveying 100 sludge 
app lica tion  s ite s ,  concluded th a t:  (a) the operation of sludge app lica­
t io n  programs can be accomplished w ithout downgradirg the rec ip ien t f i e l d  
or adjacent environment, (b) sludge app lica tion  resu lted  in environmental
X IG. Kenneth Dotson and James A. Ryan, "S ite  Se lection ," U.S. 
Government P r in t ing  O ff ice ,  1977, p. 1; L e t t ie  Gay Carson, "Citizens 
Debate Land App lica tion : When a Rural Area Wants Urban Waste," Compost
Science/Land U t i l i z a t io n , July/August, 1979, p. 35; " I t  May be Sludge to 
You . . . , "  American C ity  and County, Ju ly ,  1978, p. 2.
^Bjack K. H i l l ,  " In s t i tu t io n a l  Arrangements Between the 
A g r ic u l tu ra l is t  and the M u n ic ip a l i ty ,"  (Columbus, Ohio, n .d . ) ,  p. 64.
^^Council fo r  A g r icu ltu ra l Science and Technology, App lication of 
Sewage Sludge to Cropland: Appraisal of Potentia l Health Hazards o f
Heavy Metals to Plants and Ani irais, (Washington^ D.C.7 1976), p. 1-4.
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improvement, and (c) no sp e c if ic  health hazards resulted from sludge land 
a p p lica t io n .^^  A l l  nineteen o f  the case studies reviewed were implemented 
w ithout causing any environmental or human health hazards and resulted in 
average, or increased, crop y ie ld s .
Despite th is  track record, c it ize n s  have opposed, and continue to 
oppose, sludge land app lica tion  w ith in  th e ir  communities. Among the nine 
programs which have encountered public resistance, three have been stopped 
e n t i re ly ,  and six have e ith e r  a lte red th e i r  methodology or have fought 
court ba tt les  to continue th e ir  operations. Opposition is  based on:
1. D istaste fo r  an unpleasant top ic  - "sludge"
2. Concern tha t a llowing one s ite  to receive sludge could set a
precedent fo r  the e n t ire  community
3. Foul odors
4. The existence o f  disease organisms and poisonous ex trac ts , 
such as heavy metals and organics
5. Increased t r a f f i c  created by sludge hauling trucks
6. Reduced property values o f land adjacent to sludge re c ip ie n t
si tes
7. Aesthetic problems, and
8. The sentiment tha t a c i t y  should contend w ith  i t s  own problems 
and not pass them on to another community
Except fo r  the opposition based on foul odors, the remaining items noted
above are sub jective , and d i f f i c u l t  to substantia te , because they are
based on s o c ia l /p o l i t ic a l  factors  and the po tentia l danger or perceived 
s itu a t io n .  A report prepared by the Council on A g r icu ltu ra l Science and 
Technology concluded tha t "odors and associated nuisances, both real and
Bel fo rd  L. Seabrook, "Land Application o f Wastewater w ith  a 
Demographic Eva luation," Proceedings o f the Jo in t Conference on Recycling 
Municipal Sludges and E ff luen ts  on Land, (Washington, D.C., U.S. EPAl 
1973), p. 22.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
31
imagined, create c o n f l ic ts  between urban and rura l residents and the 
farmers of adjacent croplands where sludges are used," and tha t "the use 
of sewage sludge on cropland is  in h ib ite d  by socio log ica l resistance, 
tha t stems from fear o f pathogens, odors, nuisances, and possible general 
environmental d e te r io ra t io n ."^^
A n tic ipa t ing  such public  sentiments, o f f i c ia ls  from the Madison, 
Wisconsin, and Ind ianapo lis , Indiana sewerage d is t r ic t s  have successfully 
responded to public concerns by providing extra security  measures, and/or 
providing public  incen tives; thereby reducing resistance to th e ir  
programs. In Madison, sewerage monies are used to bu ild  cu lverts and 
shoulders on some o f the roads over which sludge is transported. The 
Indianapolis sewerage d i s t r i c t  developed a system which prevents sludge 
s p i l ls  and enhances the appearance of the sludge-handling equipment and 
designed a se lf-conta ined s p i l l  clean-up system. The Indianapolis pro­
gram also was successful because i t  received support from county health 
and planning o f f i c i a l s ,  and was well conceived. Land app lica tion  was 
touted as a "farmer be n e f it"  program; not a "sludge disposal" program, 
and the program o f f i c ia ls  took the approach tha t sludge was inherently
4?
valuable. This approach, as well as the program support by county 
o f f i c ia ls  was not evident in the other eighteen case studies.
Public involvement in sludge land app lica tion  programs was a 
feature in  twelve o f the nineteen case studies. The merits o f public 
involvement programs are often disputed and have been blamed fo r  the
Council fo r  A g r icu ltu ra l Science and Technology, Application of 
Sewage Sludge to Cropland: Appraisal o f Potentia l Health Hazards o f
Heavy Metals to Plants" and Animals, (Washington, D.C., 1976), p. 1-4.
^^Michael E. Porter, "What Would You Do With 93 M il l io n  Gallons 
o f Sewage Sludge?," Compost Science/Land U t i l i z a t io n , November/December, 
1978, p. 17.
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f a i lu r e ,  and credited w ith  the success, o f many programs (see appendix B).
Jack H i l l ,  of the Ohio Farm Federation Farm Bureau, explained 
tha t a major reason why the Federation opposed an Ohio program was the 
fa i lu re  to include i t s  members and community in consulta tion fo r  the 
program. He warned th a t landholders must be involved in the development 
of sludge land app lica tion  programs, or the program w i l l  be stopped.
O f f ic ia ls  conducting the Philadelphia program have aggressively 
sought pub lic  p a r t ic ip a t io n .  According to  Mr. Frank Senske, of the 
C ity 's  Water Department, public reaction is antagonistic towards sludge 
a p p lica t ion , and public  meetings are emotional. He cred its  the loss of 
two te ch n ica l ly  sound s ites  to  pub lic  opposition raised at meetings.
Despite th is ,  Mr. Senske believes public involvement is essential fo r  the
success of sludge a p p lica t io n ; tha t wh ile  some s i t in g  e f fo r ts  are lo s t ,
more is gained by working w ith  the public honestly.
While Mr. H i l l  and Mr. Senske promote public involvement as
essential to successful sludge land app lica tion  programs, public invo lve­
ment programs were part o f e ight o f the nine case studies which encountered 
public opposition. Of these e ig h t,  however, only two ended in a s ta le ­
mate. Six have e i th e r ,  through public  involvement, resolved th e ir  
problems, or have met the public  in  court and won.
Several papers suggest tha t the lack o f public  acceptance may 
re f le c t  the prejudices among engineering and health professions more 
than public  a t t i tu d e s ;  and th a t,  real or fancied, adverse public reactions 
may be a t t r ib u ta b le  to the conviction o f these professionals tha t the 
general pub lic  w i l l  be an tagon is t ic .^^
Baumann and Kasperson, 1974, and Sims and Baumann, 1974, 1976, 
c ited  by Committee on a Multimedium Approach to Municipal Sludge Manage­
ment, Multimedium Management o f Municipal Sludge, (Washington, D.C,',
National Academy o f Sciences, 1977), p. 164.
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Subject l i t e r a tu r e  and case studies ind ica te  tha t wastewater 
sludge can be, and is  being, sa fe ly  applied to  a g r ic u l tu ra l land.
Despite the benefits derived from sludge land app lica tion  ( i . e . ,  perma­
nent waste deposition, product reuse, s o i l  cond ition ing , increased crop 
y ie ld s ) ,  public  opposition to sludge land app lica tion  is strong. To 
increase understanding o f the sludge land app lica tion  problem, the 
program in  Milwaukee, Wisconsin, was studied in d e ta i l .  The find ings 
are discussed in  the next chapter.
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CHAPTER 3
MMSD SLUDGE LAND APPLICATION PROGRAM
Confronted w ith  the need to dispose of increasing quan tit ies  of 
sludge from i t s  South Shore Wastewater Treatment Plant, the Milwaukee 
Metropolitan Sewerage D is t r ic t  has selected sludge land app lica tion  as a 
primary disposal mechanism. Having applied sludge to a g r icu ltu ra l land 
since 1975, the MMSD is now seeking to expand i t s  program by locating 
s u f f ic ie n t  acreage to handle sludge fo r  the next twenty years. The 
fo llow ing  discussion analyzes the MMSD's h is to r ic a l  success with sludge 
app lica tion  in l ig h t  o f  the case studies and l i te ra tu re  examined in 
chapter 2, and based on th is ,  evaluates Milwaukee's proposed program and 
program approach.
MMSD Sludge Application Program 1975-1980
To promote i t s  current land app lica tion  program the MMSD contacts 
farmers and provides those in terested w ith  an information packet, which 
introduces the program, explains sludge content (see table 12), and bene­
f i t s ,  the potentia l hazards o f sludge land app lica t ion , and the a p p li­
cation procedure (see appendix A). When a farmer requests sludge, a 
f ie ld  inspection is  conducted by a MMSD s ta f f  to determine s ite  s u i t ­
a b i l i t y .  The MMSD subsequently submits i t s  f ind ings to the Wisconsin 
Department o f Natural Resources (WDNR), which reviews the find ings in 
l ig h t  o f the guidelines in Wisconsin Department of Natural Resources 
Technical B u l le t in  No, 88: Guidelines fo r  the Application of Wastewater
34
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Sludge to A g r icu ltu ra l Land in Wisconsin.
TABLE 12
TYPICAL WASTEWATER CHARACTERISTICS 
SOUTH SHORE











Chromi um 11,800 mg/kg
Lead 800 mg/kg
SOURCE: Milwaukee Metropolitan Sewerage
D is t r i c t ,  Total Solids Management Program,
September 1978, p. 1-2.
Upon formal approval from the WDNR, sludge is  applied to the
property a t no fee to the farmer. The guidelines in Technical B u l le t in
No. 88 estab lish  topographic s u i t a b i l i t y ,  environmental and social
precautions, and app lica t ion  ra tes, inc lud ing  the fo llow ing :
1. At leas t two fe e t ,  and preferably more than four fe e t ,  of 
so i l  must e x is t  between the sludge app lica tion  zone and bedrock, any 
impermeable laye r, or the water tab le
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2. Sludge cannot be applied to so il in  the year the so il  is 
used to  grow any root vegetables, or other vegetables tha t are consumed 
uncooked
3. Runoff must be reduced by immediate incorporation of the 
sludge in to  the so il
4. Pasture land cannot be grazed by m ilk cows fo r  at least two 
months a f te r  sludge app lica tion
5. Soil pH should be maintained at 6.5 or higher
6. Applica tion s ites  are a minimum 500 fee t from the nearest 
residence
7. Metal loadings are to be kept w ith in  acceptable l im its  
established by the U.S. EPA
8. The s i te  should be managed so tha t n u tr ie n t defic iency and 
so il a c id i ty  do not become problems
9. Public access should be re s tr ic te d
As to the topographic features l is te d  in tab le 13, a q u a lify ing  s i te  can 
only have s l ig h t  or moderate l im i ta t io n s .
TABLE 13
SOIL AND TOPOGRAPHIC FEATURES AFFECTING THE 
LAND APPLICATION OF SLUDGE
Degree of L im ita tion
Features A ffec t ing  Use S lig h t Moderate Severe
Slope 6% 6-12% >12%
Depth to seasonal 
water table >4' 2-4' <2'
Flooding and ponding None None Occasional 
to Frequent
Depth to Bedrock >4' 2-4' <2'
Permeability of most 
re s t r ic t in g  layer above 
3 fee t .6 -2 .0 " /h r 2 .0 -6 .0 " /h r >6"/hr
Available water capacity >6" 3-6" <3"
SOURCE: Wisconsin Department of Natural Resources, Guidelines
fo r  the App lica tion  o f Wastewater Sludge to A g r icu ltu ra l Land in 
Wisconsin, Technical B u l le t in  No. 88, (Madison, Wisconsin, 1975), p. 24.
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Because of time and fuel energy cons tra in ts , the WtSD only 
s o l ic i t s  sludge land app lica tion  s ites  w ith in  a seven county region 
surrounding and inc lud ing Milwaukee County.
Sludge hauling and land app lica tion  is  conducted by a private 
con trac to r, the Druml Company. Sludge, at eighteen percent so lid s , is  
transported in nursing trucks ; each carrying t h i r t y - s ix  cubic yards of 
sludge. Sludge is surface applied and subsequently disced in to  the s o i l .  
Sludge is  applied a t a rate o f approximately 4.46 dry tons of sludge per 
acre to some 8,000 acres.
There has been no problem in  s o l ic i t in g  s u f f ic ie n t  s i te s ,  or 
securing WDNR s i te  approval. The actual process o f sludge app lica tion , 
from transporta tion  through app lica t io n , however, has encountered public 
opposition.
Complaints about odor and general pub lic  opposition forced the 
MMSD to abandon sludge app lica tion  in  Ozaukee and Washington Counties 
although the re c ip ien t farmers wanted to  continue to receive sludge. The 
Town of East Troy temporarily  enjoined the MMSD program a f te r  a study 
revealed excessive concentrations of n i t r i t e s  and n itra te s  in water supply 
w e lls .^^  The Towns o f Waukesha and Summit imposed temporary bans on 
sludge app lica t io n , because o f odor complaints. C ity  o f Muskego o f f i c ia ls  
withdrew th e ir  approval o f sludge app lica t ion  s ites  because of pressure 
from local c it ize n s  over po ten tia l odors and the p o s s ib i l i t y  o f  heavy 
metal contamination o f s o i l  and ground water. C it izen complaints about 
use o f a Menomenee Falls  s i te  fo r  sludge app lica t ion  caused the MMSD to
This in ju nc tion  was l i f t e d  when studies conducted in areas o f 
the cormiunity not receiv ing sludge, revealed excessive n i t r i t e s  and 
n it ra te s  a lso; thus ru l in g  sludge out as the con tr ibu to ry  agent.
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abandon app lica tion  there a ltoge the r, even though the s ite  s a t is f ie d  a l l  
s ta te requirements.
The MMSD sludge land app lica tion  program is thus not unlike the 
programs discussed in  chapter 2. C itizens throughout the nation complained 
about odors, and the po tentia l fo r  heavy metal contamination of so il and 
ground water, and, as w ith the case studies, the Milwaukee sludge land 
app lica tion  program has caused no p o l lu t io n  problems or health hazards, 
and crop y ie lds  have been average or above average.
To secure more information on NMSD sludge land app lica tion  and to 
obtain a MMSD perspective on the app lica tion  program, I conducted a f ie ld  
tour w ith Mr. Jerry Rayeske, MMSD Field Coordinator.
Mr. Rayeske has three s ta f f  who are responsible fo r  gathering
s ite  s u i t a b i l i t y  data, arranging time and place o f sludge app lica tion , 
and overseeing the app lica tion  process. This job re s p o n s ib i l i ty ,  
according to Mr. Rayeske, is  la rger than s ta f f  c a p a b i l i t ie s ,  especia lly  
when problems a r ise .
Mr. Rayeske noted tha t on -s ite  app lica tion practices of the Druml 
Company have engendered opposition to the program by rec ip ien t farmers.
On several occasions, the company has not met sludge app lica tion  dates; 
a r r iv in g  sooner than the farmer had requested or so la te  tha t the farmer 
had given up, used another f e r t i l i z e r  and planted. The company has also
applied sludge to a portion o f a f i e ld ,  l e f t  a t the end o f the day, and
never returned. Although immediate sludge incorporation in to  the so il  is  
recommended and required by WDNR Technical B u l le t in  No. 88, numerous 
complaints have been received and confirmed th a t the Druml Company is not 
always thorough and sludge is  often v is ib le  on the so il surface. Mr. 
Rayeske believes such behavior has thwarted the demand fo r  sludge. While
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
39
the program is  not pe rfec t,  Mr. Rayeske is  quick to assert that there 
are many farmers who are strong advocates o f sludge u t i l i z a t io n  and who 
a ffo rd  the program important c r e d ib i l i t y .
During the f ie ld  to u r,  I was able to  witness the sludge a p p l i­
cation process and use my o lfa c to ry  sense. The app lica tion  of sludge 
seemed to function  e f f i c ie n t l y  and w ithout annoying noise. The odor 
emanating from the sludge was s im ila r  to ammonia, but was not strong or 
o ffens ive , especia lly  when compared to manure. Two problems however, 
were evident. The valve which releases sludge from the nursing truck to 
the f ie ld  is opened to allow app lica tion  of approximately two inches of 
sludge to  the s o i l  surface. This resu lts  in an even d is t r ib u t io n  of 
sludge except where trucks tu rn  around at the end of a f ie ld .  In these 
fr in ge  areas, excess quan tit ies  o f sludge are applied, thereby increasing
the l ike l ih o o d  of sludge ru n -o f f ,  surface and ground water contamination,
45increased crop uptake o f heavy metals, and/or crop damage. While th is  
could present a hazard, there is  no documentation o f any problems a r is ing  
from th is  practice .
The second observed problem was tha t o f incomplete sludge inco r­
poration in to  the s o i l .  A f te r  the d iscer l e f t  the s i te ,  several small 
areas o f sludge remained exposed. While there have been no problems to 
date, th is  too increases the chance o f sludge ru n -o f f  and creates an 
opportun ity  fo r  human or animal sludge ingestion.
The approach taken by sewerage o f f i c ia ls  toward a sludge land 
app lica tion  program may be an important determinant of program success. 
Upon completion o f the f ie ld  to u r ,  i t  became apparent that the MMSD
This resu lts  from reduced truck speed and reduced area of 
a p p lica t io n ,  w ithout a corresponding reduction in  the quantity  of sludge 
being released from the truck.
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approaches sludge as a problem not a product. As discussed in chapter 2, 
presenting i t  as such can con tribu te  to rura l h o s t i l i t y  toward the c i ty .
The successful Indianapolis sludge app lica tion  program presented sludge 
as an inheren tly  valuable substance and approached the program as a 
farmer benefit  program. Considering th is  in  conjunction w ith  l i te ra tu re  
evidence tha t prejudices among engineering and health o f f i c ia ls  may be 
passed onto the pub lic , suggests tha t the MMSD sludge app lica tion  program 
approach could, in - a n d - o f - i t s e l f ,  be fos te r ing  public opposition.
With th is  experience and background, the MMSD in March o f 1979 
in i t ia te d  i t s  planning fo r  fu tu re  land app lica tion  in the Site Specific  
Analysis program. Proceeding on the advice of consulting engineers, the 
MMSD is  pursuing the fo llow ing  program.
MMSD Proposed Sludge Land App lica tion  Program
The proposed sludge land app lica tion  program would apply sludge
to approximately 875 privately-owned acres fo r  ninety days per year, at a
rate of 4.46 dry tons o f sludge per acre, a t a land use schedule o f twenty 
years. During tha t time the land w i l l  be monitored and continue to receive 
sludge depending upon the accumulation o f metals in the s o i l .  At the 
conclusion o f twenty years, i t  is  an tic ipa ted  that the MMSD w i l l  have 
applied sludge to some 17,500 acres.
To implement th is  program, the MMSD has studied the seven county 
southeastern Wisconsin region to locate contiguous areas w ith  a minimum 
35,000 a g r ic u l tu ra l acres. The doubling o f the acreage requirement 
{17,500 acres) provides a b u i l t - i n  safety fa c to r  to  compensate fo r  
unsuitable acreage, and acreage where farmers re je c t  app lica tion . The 
MMSD w i l l  s o l i c i t  acreage to  achieve i t s  17,500 acre requirement, 
condemning property i f  necessary. In order to obtain s u f f ic ie n t  acreage
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and minimize the number of m u n ic ip a l i t ie s  involved, while reducing fuel 
useage and maximizing e f f ic ie n c y ,  the MMSD determined tha t a minimum o f 
four townships would be needed.
The MMSD then planned to locate a sludge storage s ite  w ith in  th is  
area to store sludge fo r  the nine months when land app lica tion  could not 
occur and to provide easy access to the product in the immediate area of 
sludge app lica tion .
This proposed program made transpo rta tion , time, and township 
boundaries the determinates o f  program s truc tu re . The merits o f th is  
approach are: (a) fue l e f f ic ie n c y  and conservation, (b) time op tim i­
za tion , and (c) l im ite d  ju r is d ic t io n s  w ith which to deal. Two serious 
problems however, are evident. F i r s t ,  the program allows fo r  sludge 
app lica tion  only in  the selected four townships; thus farmers in other 
townships who want to receive sludge w i l l  be unable to acquire i t .  This 
seems iro n ic  because the MMSD intends to exercise i t s  powers o f eminent 
domain to secure s u f f ic ie n t  acreage w ith in  the four township area.
Second, even though sludge has been applied sa fe ly , should the sludge- 
rec ip ien t land at a fu tu re  date be rendered unproductive, the e ffec ts  
s o c ia l ly ,  economically, and environmentally w i l l  be o f greater consequence 
fo r  the one area than i f  sludge had been spread throughout the seventy- 
three townships in the seven-county region.
Public Response to an Expanded Sludge App lication Program
In planning fo r  i t s  fu tu re  sludge app lica t ion  program, the MMSD 
created a c it ize n s  advisory committee, ca lled ACCESS (A Cooperative 
C itizens E f fo r t  in  Solids S i t in g ) ,  and made several public presentations. 
While the in te n t o f forming a committee and having presentations is to 
acquire c i t iz e n  input fo r  decision making, the MMSD has used these media
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to merely present what i t  plans to do. C it izen input and suggestions are 
ra re ly  considered or incorporated in to  the sludge app lica tion  program.
My attendance a t these meetings revealed the substantive content of public 
support and opposition.
Much opposition was based on the MMSD's past performance in  sludge 
a pp lica t ion , not on the MMSD's proposed program. The strongest opposition 
to the MMSD's past performance record, implicated i t s  sludge hauler and 
a p p lica to r ,  the Druml Company. Occurrences o f hauling along non-approved 
routes, incomplete sludge incorporation in to  the s o i l ,  and fa i lu re  to meet 
app lica tion  schedules were reported at a l l  public meetings. While the 
MMSD's sludge app lica tion  plan o r ig in a l ly  proposed re tention o f the Druml 
Company, the MMSD f i n a l l y  acquiesced and announced tha t i t s  new sludge 
app lica tion  program would not employ the Druml Company.
Until th is  time, public comment focused on the Druml Company's 
poor track record. A f te r  the announcement, public opposition centered 
around odors and po ten tia l environmental, so c ia l,  and economic hazards.
The Milwaukee program is somewhat unusual in  th is  respect when compared 
to the case studies. Of the case studies which were expanding th e ir  
programs, public opposition was not founded on previously experienced 
technical problems but on po ten tia l environmental and health problems.
The concern expressed by the Wisconsin public  over environmental 
and human health was s im i la r  to tha t in the case studies examined. In 
each instance, no harm had ever been experienced yet the public feared 
tha t one day something would go wrong. At one MMSD public meeting, a 
c i t iz e n  warned those in  attendance tha t the elements in sludge caused
4Gper conversations w ith  Ms. Mary Ellen Gigot, Program Public 
Involvement Manager fo r  the S ite  Spec if ic  Analysis Program.
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leukemia, brain damage, high blood pressure, and loss o f sex drive. 
Although there is  no documented proof o f th is ,  i t  is  l i k e ly  tha t some in 
the audience serious ly  considered his warning.
Because root crops and lea fy  vegetables are not to be grown on 
sludge amended s o i ls ,  the public  often expressed concern over how th is  
could be regulated over the course of time. For example, what contro ls 
e x is t  where sludge amended land is subdivided or sold and the new owner 
plants a vegetable garden? Sewerage o f f i c ia ls  responded that the main­
tenance o f the so il  pH a t 6.5 or higher would insure tha t new land owners 
experienced no problems in the fu tu re . This response is  in  fac t only 
p a r t ly  true . While the 6.5 so il pH is required to assure safety levels 
as known today, sewage sludge app lica tion  has not been monitored long 
enough to tes t the safety of the 5.5 so il  pH re s t r ic t io n .  The U.S. ERA 
even acknowledges th is  in i t s  Construction Grants Manual.
South Shore sludge contains ten parts per m i l l io n  (ppm) poly­
ch lorinated biphenyls (RGBs), which is  a t the upper l im i t  permitted by 
law fo r  land app lica tion . While i t  is  safe to apply sludge which is  not 
in excess of ten ppm RGBs, the public expressed concern over the 
po tentia l fo r  RGB bu ild-up in  s o i ls ,  the entry and e f fe c t  o f RGBs on the 
human food chain, and the persistence of RGBs in the environment. Because 
animals w i l l  not be grazed on sludge applied land fo r  at least two months
JO
a f te r  a p p lica t io n , the po ten tia l fo r  any harm is  reduced.
4^U.S. ERA, Municipal Sludge Management: ERA Construction Grants
Rrogram, (Washington, D.G., 1976), p. 12.
^^The FDA has established maximum tolerance levels fo r  RGBs of 
0.2 mg/kg (actual weight) fo r  animal feeds and 1.5 mg/kg ( fa t  basis) fo r  
m ilk . The ERA has issued an in te r im  f in a l  regu la tion  which allows wastes 
which exceed 10 mg/kg to be applied to  f ie ld s  based on the assumption tha t 
the only way RGBs enter a grazing animal is  through the adherence of the
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The long-term care re s p o n s ib i l i ty  of the MMSD was investigated at 
most public  meetings. Questions posed included: (a) i f  x-number of
years passes a f te r  sludge a p p lica t io n , and the ground water becomes 
contaminated, is  the MMSD l ia b le ? ,  (b) w i l l  s i te  so il and crops be 
monitored fo r  any time period a f te r  sludge app lica tion  has ceased?, and 
(c) i f  at some time in the fu tu re  the EPA tightens heavy metals l im i ­
ta tions such tha t a farmer who has applied sludge can no longer market 
products because they are considered to x ic ,  is  the MMSD liab le?  The MMSD 
explained tha t NR 180 requires the submission of long-term care provisions 
fo r  sludge amended land to the Wisconsin Department of Natural Resources. 
What these w i l l  be and how they w i l l  be enforced is not now known, however 
i t  was explained tha t th e ir  app lica tion  rates should preclude any future 
problems or long-term care needs.
Many ind iv idua ls  commented on the odor emanating from sludge land 
app lica tion  s ites and one ind iv idua l suggested tha t the MMSD use a "smell 
te s t"  to determine i f  sludge had a more offensive odor than manure.
Another person re la ted the experience of Oscar Meyer Company which 
p e r io d ic a l ly  sprays scented aerosols, such as lemon or evergreen, to cover 
up the foul odors associated w ith  th e ir  meat packaging plant.
Mr. Lyman C artw righ t, a user and advocate o f sludge land a p p l i­
cation noted tha t the biggest problem w ith  sludge is  odor, or i t s  
perceived odor. Complaints about the "un-Godly" odors from sludge applied 
to his land were published in  the local newspaper, and presented to the 
Town Board. When the complaints were investigated the odor was found to
sludge to the vegetation eaten. U.S. EPA, C r i te r ia  fo r  C la ss if ica t io n  of 
Solid Waste Disposal F a c i l i t ie s  and Practices; F ina l,  Interim  F ina l,  and 
Proposed Regulations, (Washington, D.C., O ff ice  of the Federal Reg is te r, 
1979), p. 53454-5.
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be coming from a septic  tank tha t was being cleaned. Mr. Cartwright had 
not been receiv ing sludge during the complaint time period. S ituations 
l ik e  these are bad p u b l ic i ty  fo r  sludge, Mr. Cartwright observed, because 
even though sludge was not the problem, the newspaper never re tracted i t s  
statement, thus leaving the general public w ith a bad impression.
Ind iv idua ls  l i k e  Mr. Cartwright and the MMSD pro ject s ta f f  were 
unmoved by complaints of sludge odor. Even the most adamant protestors 
of sludge odor had to concede tha t manure had a more offensive odor. The 
s ign if icance  o f odor to the acceptance of sludge, however, should be 
considered se r ious ly ; as a l l  the unsuccessful case studies discussed in 
chapter 2 were s trong ly  protested on th is  basis. Because th is  is probably 
the most tang ib le  problem to t re a t ,  i t  may be advisable fo r  sewerage 
d is t r ic t s  to agressively pursue a so lu tion  to the odor problem.
Evaluation of MMSD Proposed Sludge Application Program
Sludge from the South Shore Wastewater Treatment Plant has been 
evaluated by MMSD personnel. U n ivers ity  of Wisconsin Extension Service, 
and by the WDNR. Under these three anlayses, sludge has been found safe 
fo r  a g r ic u l tu ra l land a p p lica t io n , and benefic ia l to the so il and crop.
By fo llow ing  the guidelines o f WDNR Technical B u lle t in  No. 88, and the 
rules of chapter NR 180, sludge can be safe ly and b e n e f ic ia l ly  applied to 
land. Considering these guidelines and the MMSD's clean record on 
environmental and health hazards, the program appears safe and should be 
allowed to continue. The "what i f "  concerns o f the public however, can, 
and should, not be overlooked.
On paper, MMSD sludge content is safe and is  a valuable substance. 
To evaluate sludge beyond th is ,  I spoke w ith  a so il s c ie n t is t  (who fo r  
reasons o f annonymity w i l l  be named Mr. Jackson) fa m i l ia r  w ith  the MMSD,
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i t s  sludge, and i t s  sludge land app lica t ion .
Mr. Jackson expressed doubt and concern over the applica tion of 
sewage sludge from a treatment plant which receives in flow  from various 
in d u s tr ie s . The v a r ia b i l i t y  o f type and quantity  of in d u s tr ia l in flow  
requires tha t da ily  sampling o f sludge be conducted. While the MMSD 
claims such samples are taken, Mr. Jackson is skeptical about th is .  Even 
i f  the sludge is  found to  be safe, Mr. Jackson doubts tha t the ind iv idua ls  
applying and incorporating the sludge w i l l  do i t  properly and conscien­
t io u s ly .  The unknown, long-term e ffects  o f sludge land application 
troubled Mr. Jackson most. This concern was fo r  a l l  sludge land a p p l i­
cation programs, not ju s t  the MMSD's and was based on the fo llow ing :
(1) minimal laws and guidelines e x is t  to protect and/or inform fu ture  
land owners tha t sludge had been applied to th e i r  land, and (2) sludge 
app lica tion  in the U.S. has not been conducted or monitored long enough 
to know o f any po ten tia l harm which could be done to the land. For the 
fu tu re ,  Mr. Jackson an tic ipa tes a change in  sludge land app lica tion  legal 
regulations to r e f le c t  data gathered over the next years.
While l i t e r a tu r e ,  gu ide lines, and the I^SD emphasize tha t heavy 
metal m o b i l i ty  can be con tro lled  in  so ils  by keeping pH above 6.5, th is  
is  somewhat o ve rs im p lif ied . Heavy metals are not t o ta l l y  insoluble at a 
pH above 6.5. I f  the metal concentration continues to increase in the 
s o i l ,  then a level w i l l  be reached where even "s l ig h t "  s o lu b i l i t y  can 
become s ig n i f ic a n t  fo r  p lan t uptake or ground water contamination.
Because the MMSD is monitoring sludge, s o i l ,  and crop, heavy metal concen­
t ra t io n  should not increase to a dangerous leve l.
The MMSD has decided to apply sludge at eighteen percent solids 
to the surface o f f ie ld s  from t h i r t y - s i x  cubic yard hydraulic ram-eject 
t r a i l e r s ,  and then incorporate the sludge in to  the so il w ith  a d iscer.
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This method was selected on the basis o f economics and technology: i t  is
the cheapest and proven method. While the WDNR has approved th is  land 
app lica t ion  method, i t s  safety is s t i l l  questionable. Given the 
predetermined rate o f sludge app lica tion  the ram-eject and speed o f the 
truck are con tro lled  to achieve the proper app lica tion  rate. When a 
truck turns as i t  goes up and down rows, however, there is  a tendency to 
overapply; as truck speed is  reduced while the amount o f sludge from the 
truck is  not. By convention, the discing operation is  only done once.
This does not always provide s u f f ic ie n t  sludge incorporation; leaving 
sludge v is ib le .  This exposure creates the potentia l fo r  animal or human 
sludge ingestion and the p o s s ib i l i t y  of sludge being transported via 
surface water runo ff.  Under the guidelines o f WDNR Technical B u lle t in  
No. 88 and chapter NR 180, l ives tock  cannot graze on f ie ld s  which have 
received sludge u n t i l  two months a f te r  app lica tion . Consequently, there 
should be no problems because o f sludge ingestion by grazers. The MMSD 
however, does not have enough control over what a farmer does to 
a f fe c t iv e ly  monitor a l l  a c t iv i t y  subsequent to app lica tion .
Conclusions
Under e x is t in g  federal and state le g is la t io n  and gu ide lines, the 
Milwaukee Metropolitan Sewerage D is t r i c t 's  sludge land app lica tion  program 
is safe and is a sound mechanism fo r  u lt im ate sludge disposal. The 
Milwaukee program and the case studies are however plagued by public 
outcry and concern over the po ten tia l e ffec ts  o f sludge land app lica tion  
on human health and the environment. While such concerns are not based 
on substantive data, they deserve a tten tion  so tha t the concerns w i l l  
not become re a l i t y .
Of the sludge disposal options ava ilab le , i t s  app lica tion  to
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a g r ic u l tu ra l  land o f fe rs  the unique opportunity to use a resource instead 
o f disposing o f a waste. The importance of sludge land applica tion from 
a national perspective w i l l  be examined in  the next chapter.
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CHAPTER 4
SLUDGE LAND APPLICATION 
NATIONAL PERSPECTIVE
Approximately 1.5 m i l l io n  dry metric tons of treated municipal 
sludge, representing 25% of the sludge generated in the United States 
today, is  applied to  a g r ic u l tu ra l land.*^ By 2000, i t  is  antic ipated 
tha t 18 to 30 m i l l io n  dry metric tons o f sludge w i l l  be produced annually. 
I f  25% of th is  is  applied to a g r ic u l tu ra l land, a th re e - to - f iv e - fo ld  
increase in  sludge u t i l i z a t io n  can be expected. Land a v a i la b i l i t y ,  the 
economics and environmental consequences o f sludge u t i l i z a t io n ,  and the 
s ign if icance  o f  pub lic  reaction to sludge land app lica tion  must be 
assessed to  understand the im plications o f th is  increase.
Land A v a i la b i l i t y  and Use
Sewage sludge is  cu rre n t ly  applied to less than 0.3%, or 1.2 
m i l l io n  acres, o f the na tion 's  cropland. I f  the en t ire  municipal sludge 
production {6 m i l l io n  dry m etric tons) were applied at crop nitrogen 
requirement ra tes, less than 1% o f the a g r icu l tu ra l land would be 
i n v o l v e d . T h e  land needed fo r  sludge app lica tion  then neither appears 
s ig n i f ic a n t ,  nor a problem. Having s u f f ic ie n t  acreage where i t  is  needed, 
however, may be a problem.
^^U.S. EPA, Process Design Manual: Sludge Treatment and D isposal,
(Washington, D.C., 1979), p. 18.2.
SOu.S. EPA, Municipal Sludge Management: EPA Construction Grants
Program, (Washington, D.C., 1976), p. 9.
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The major sewage sludge producers - -  large urban centers - -  
usually have in s u f f ic ie n t  a g r ic u l tu ra l land to make sludge applica tion a 
feas ib le  a lte rn a t iv e .  While i t  is  legal to haul sludge to  another state 
fo r  land app lica t ion  (see C ity  o f Philadelphia v. State o f New Jersey) ,  
the investment o f time and fu e l ,  as well as the p o s s ib i l i t y  o f public 
opposit ion, make th is  form o f in te rs ta te  commerce and sludge disposal a
C l
r isky  proposition.
The use of \% (or 3 to 5% in the near fu tu re ) o f the nation 's 
a g r ic u l tu ra l land fo r  sludge app lica tion  assumes added s ign if icance when 
considered in  l ig h t  o f land use change. From 1967 to 1977, 79.2 m i l l io n  
acres o f land were removed from a g r ic u l tu ra l production. I f  th is  trend 
continues, the percentage o f land required fo r  sludge application could 
become proportionate ly  more s ig n i f ic a n t .
The po ten tia l uses o f sludge are not l im ited  to a g r icu ltu ra l 
production. Municipal sludges are being used as so il conditioners and 
s ta b i l iz e rs  in  s i lv ic u l tu r e  and in  reclaiming mine spo ils , strip-m ined 
lands, and other d ra s t ic a l ly  disturbed areas. Although l im ite d  to areas 
where transporta tion  is c o s t-e f fe c t iv e ,  these uses of sludge permit one 
problem (sludge disposal) to be used to solve another problem (disturbed 
land), and increase the quantity  o f land ava ilab le  fo r  sludge app lica tion .
Eco no mi cs
The economics of sludge land app lica tion  as a disposal a l t e r ­
na tive , include i t s  re la t io n sh ip  to  commercial f e r t i l i z e r ,  i t s  f inanc ia l 
benefit  to  sewerage d is t r ic t s  and re c ip ie n t farmers, and re la t iv e  cost to
Joseph M. Manko, Bruce S. Katcher, and Robert McKinstry, "S o lid  
Wastes and Commerce Clause P ro tec t ion ,"  Compost Science/Land U t i l i z a t io n , 
Nov./Dec., 1978, p. 27.
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other sludge disposal a lte rn a t ive s .
The impact of sludge on the national commercial f e r t i l i z e r  market 
is  r e la t iv e ly  in s ig n i f ic a n t .^ ^  Table 14 shows the amount of nu trien ts  in 
a g r ic u l tu ra l ly  usable sludges compared to the nutr ien ts  presently consumed 
in  commercial f e r t i l i z e r s .  Nitrogen, phosphorus, and potassium in  sludge 
are estimated as 0 .2 , 0 .9, and 0.1 percent, respective ly , o f those 
nu tr ien ts  consumed in chemical f e r t i l i z e r s .  I f  a l l  United States waste­
water sludges were applied to land, these percentages would increase to 
0.6, 3 .2, and 0.4 percent, respective ly . I f  the value per pound of 
n u tr ie n t in  sludge were the same as tha t paid by farmers fo r  the corre­
sponding cormiercial n u t r ie n t ,  the monetary value of u t i l iz e d  nu tr ie n t 
sludges in  1978 fo r  n itrogen, phosphorus, and potassium was $9.5, $26.0, 
and $1.7 m i l l io n  per year respective ly .
While these n u tr ie n t  values seem small in re la tion  to 1978 d o lla r  
values o f commercial f e r t i l i z e r ,  they are nonetheless s ig n if ic a n t .  The 
sale o f sludge could reduce sewerage treatment plant operating costs and 
provide purchasers w ith  a less expensive so il conditioner. By the year 
1990, $100-3500 m i l l io n  in  sewage treatment costs could be saved annually 
were sewage sludge u t i l i z a t io n  increased about 50%.^^
Most sludge-applying sewerage d is t r ic t s ,  including the MMSD, do 
not charge fo r  th e i r  sludge or i t s  hauling, app lica tion , or incorporation 
in to  the s o i l .  The economic bene fit  to re c ip ie n t farmers is s ig n if ic a n t .  
I f  sludge u t i l i z a t io n  and acceptance increase, and energy-related
S^U.S. EPA, Process Design Manual: Sludge Treatment and Disposal,
(Washington, D.C., 1979), p. 18.21
S^ibid.
^ I b i d . , p. 18.3.
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f e r t i l i z e r s
Nitrogen as N 21.6* 65.3* 10,642 0.2 0.6
Phosphorus as P 21.5 80.7 2,453 0.9 3.2
Potassium as K 4.3 18.9 4,841 0.1 0.4
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SOURCE: U.S. EPA, Process Design Manual: Sludge Treatment and Disposal, (Washington.









commercial f e r t i l i z e r  prices continue to r is e ,  sewerage d is t r ic t s  may 
f in d  fee assessment p ra c t ic a l .  Indeed the Indianapolis Sewerage D is t r ic t  
has successfu lly imposed a $22 per acre fee fo r  i t s  sludge.
Table 15 shows the to ta l costs o f various sludge disposal 
a lte rn a t ive s .  At leve ls  o f sewerage plant design capacity, (expressed 
in  M i l l io n  Gallons per Day, MGD) land app lica tion  o f sludge is the least 
expensive. I f  there is  s u f f ic ie n t  land, sludge land applica tion appears 
economically feas ib le .
TABLE 15
TOTAL COSTS FOR VARIOUS SLUDGE METHODS®
$/Dry Ton
1 MGD 10 MGD 100 MGD
Land App lica tion 127-168 53-71 53-84
L a n d f i l l 171-208 77-116 63-98
Inc inera tion 250-320 111-174 79-120
Ocean Dumping 376-417 93-134 56-93
EPA ConstructionSOURCE: U.S. EPA, Municipal Sludge Management:__________________
Grants Program, (Washington, O.C., 1976), p. 26.
^Includes operating and construction costs.
Environmental and Human Element
The land app lica t ion  o f sludge is  not free of d i f f i c u l t y .  The 
major problems which have plagued programs throughout the nation and 
which have ye t to be resolved are the potentia l health r isks  associated 
w ith  sludge and pub lic  acceptance.
Sewage sludge contains varying amounts of pathogens and a va r ie ty  
o f p o te n t ia l ly  hazardous m a te r ia ls , inc lud ing heavy metals and pers is ten t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
organics. While the federal government has established l im its  on sludge 
app lica t ion  in order to contro l any po tentia l impact on humans and th e ir  
environment, the c r e d ib i l i t y  o f  these l im i ts  has yet to be tested over 
time. As discussed in  chapters 2 and 3, there is considerable public 
concern about th is .
Only twenty-one states have established formal regulations fo r  
the land disposal o f sewage sludge (see appendix C). Moreover, no 
economically feas ib le  technology exists to extrac t contaminants l ik e  
heavy metals and organics p r io r  to land app lica tion .
The U.S. EPA has l is te d  additional social factors which l im i t
and w i l l  continue to l im i t  sludge land app lica tion :
public  acceptance and the fa c t  that large c i t ie s  have to trans­
port sludge to ru ra l areas fo r  a g r icu ltu ra l use. Odors from 
poorly managed sludge management systems and perceived odors 
from anything th a t has to do w ith  sewage may be the largest 
s ing le problem. Reluctance of ruraKareas to receive urban 
wastes is  also a s ig n if ic a n t  fac to r.
Subject l i t e r a tu r e  supports public involvement fo r  successful 
land app lica tion  and app lica tion  program implementation (see appendix B). 
In the programs reviewed in th is  thes is ,  program o f f i c ia l s ,  while 
seemingly hindered by public  involvement, also have been able to work 
w ith  the public  to implement a successful, although delayed, sludge land 
app lica tion  program.
Conclusions
The inherent value o f sludge as a so il conditioner makes i t s  
app lica t ion  to  land an a t t ra c t iv e  disposal a lte rn a t ive .  I f  100% of the 
na tion 's  18 to 30 m i l l io n  dry metric tons of sludge antic ipated to be
S^U.S. EPA, Municipal Sludge Management: EPA Construction Grants
Program, (Washington, D.C., 1976), p. 12-13.
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generated in  the year 2000 were applied to land, only 3 to 5% of to ta l 
cropland would be required. Sludge app lica tion  is  the cheapest o f the 
sludge disposal a lte rn a t iv e s ,  and, in  an age of energy shortages, o ffe rs  
a less expensive a l te rn a t iv e  to commercial f e r t i l i z e r s .
The app lica t ion  o f sewage sludge to a g r ic u l tu ra l land, however, 
finds i t s  real m erit as a sludge disposal a lte rn a t ive ,  not as an a l t e r ­
native f e r t i l i z e r .  A 1972 CEQ/EPA report prepared by B a tta lia  Memorial 
In s t i tu te  showed tha t widespread use o f sludge as a f e r t i l i z e r  could 
p o te n t ia l ly  s a t is fy  only 2% o f  the current demand fo r  a r t i f i c i a l  nitrogen
and phosphorus f e r t i l i z e r ,  thus ind ica ting  tha t the l ike lihood  o f sludge
56replacing conventional f e r t i l i z e r s  is  s l ig h t .
SG lb id ., p. 9.
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CHAPTER 5 
CONCLUSIONS
The app lica tion  of sludge to land is  increasingly becoming an 
issue o f pub lic  concern. Population growth, scarce land resources, 
p o l lu t io n ,  energy shortages, and high energy prices make sludge a p p l i­
cation co n tro ve rs ia l.
The Milwaukee Metropolitan Sewerage D is t r ic t  sludge land a p p l i­
cation program, and most others, are opposed in both the short and long 
term because of the po ten tia l fo r  ground water and surface water po l­
lu t io n ,  pathogen transmission, food contamination, heavy metal trans­
mission through the food chain, as well as resentment of an urban center 
imposing i t s  problem on i t s  rura l neighbors, and odors. Any o f these can 
occur, and because these problems, whether real or perceived, are s ig n i f ­
ican t to the pub lic ,  a sludge-applying sewerage d i s t r i c t  should seek to 
resolve these by ( I )  using any ava ilab le  land w ith in  the sewerage d i s t r i c t  
before pursuing add it iona l acreage, (2) using the sludge in je c t io n  
methodology fo r  sludge app lica t io n , and (3) applying lime or spraying 
cover-up scents. The WSD program and most others however, seldom 
employed any o f these as a means o f  gaining public support.
Researchers o f the subject advocate the use of both strong public 
involvement programs to achieve public  acceptance, and a pos it ive  approach 
towards sludge as a product not a problem. I f  these are done, there w i l l  
be (a) less h o s t i l i t y  on the part o f  po tentia l sludge recip ients because
56
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th e i r  ideas/concerns were considered in  program development, (b) more 
public  awareness and education about the actual not rumored, facts of 
sludge land a p p lica t io n ,  and (c) more fee ling  o f community through a 
w ill ingness to  negotiate w ith  one another.
As sludge quan tit ies  increase, the importance of land fo r  sludge 
d is p o s a l /u t i l iz a t io n  w i l l  correspondingly increase. Application of 
sludge under today's standards has proceeded sa fe ly , and with continued 
m onitoring, should continue to do so. Obtaining access to land fo r 
sludge land app lica tion  is  a problem which must be overcome to expedite 
e f fo r ts  to land apply sludge. Sewerage d is t r ic t s  must recognize the 
p ro b a b i l i ty  o f pub lic  resistance, and be w i l l in g  to work w ith the public 
in  the planning e f fo r t .
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APPENDIX A 
FARMER INFORMATION PACKET
A. THE WASTEWATER SOLIDS MANAGEMENT PROGRAM (AGRICULTURAL LAND)
1. What are wastewater solids?
Wastewater Treatment Plants produce only two products; i . e . ,  a 
re la t iv e ly  c lear water ca lled e f f lu e n t  tha t is  returned to a 
lake or stream and wastewater so lids . These solids make an 
exce llen t f e r t i l i z e r  and so il amendment.
2. What is the Wastewater Solids Management Program?
I t  is  a program consisting of de live ry  of wastewater solids from 
the South Shore Wastewater Treatment Plant (SSWWTP) to a g r icu l tu ra l 
land. The so lids are spread upon the land and disced (incorporated) 
in to  the s o i l .  The Milwaukee Metropolitan Sewerage D is t r ic t  (MMSD) 
monitors the d e live ry ,  app lica tion  and keeps records of how much
SSWWTP solids have been applied to a p a r t ic u la r  f ie ld .  The farm
operator receives copies o f these records.
3. How can I get SSWWTP solids fo r  my land?
I f  in te rested in  ge tt ing  SSWWTP so lids , telephone Mr. Ralph Kobb,
Pro ject Adm in istrator-Solids Management, or Mr. Jerry Rayeske,
Solids Management Coordinator at the fo llow ing telephone numbers:
1-764-3555 7:00 a.m. to 11:00 a.m. Field O ffice
1-278-3961 8:00 a.m. to 3:30 p.m. Answering Service
1-764-0408 Evenings
You may c a l l  "C o llec t"  a t the evening number.
A representative of the Solids Management Program w i l l  v i s i t  
you personally on your farm. We w i l l  determine i f  the so ils  
on your farm are su itab le  fo r  the app lica tion  of SSWWTP solids 
on your f ie ld s .  I f  they are su itab le , then our representative 
w i l l  c o l le c t  so i l  samples to send to the Soils and Plant 
Laboratory in Madison. The D is t r ic t  (MMSD) w i l l  get formal 
approval from the Department o f Natural Resources (DNR) to apply 
SSWWTP so lids  to your f ie ld s .  We w i l l  then make arrangements 
fo r  d e live ry  o f SSWWTP so lids to your farm.
4. Can I drop out o f the Program at any time?
As a farm operator, you are under no ob liga t ion  to take SSWWTP 
so lids  i f  you choose not to.
5. Do I have to sign anything?
Normally, you w i l l  not be required to sign any documents. .However,
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should the so i l  te s t  recommend a lime app lica tion  to a p a r t ic u la r  
f i e ld ,  then you w i l l  have to sign a form ind ica ting  tha t you 
have done so. In the fu tu re .  State or Federal regulations may 
require farm operators to sign a simple form allowing fo r  the 
de live ry  o f  sludge.
6. Who sets up the rules or regulations fo r  th is  Program?
The Milwaukee Metropolitan Sewerage D is t r ic t  has set up a monitoring 
program to contro l the use o f SSWWTP solids on a g r icu ltu ra l land.
The XMSD fo llows the guidelines and recommendations tha t are in 
Technical B u l le t in  88, "Guidelines fo r  the Application o f Waste­
water Sludge to A g r icu ltu ra l Land in Wisconsin".
The DNR contro ls the app lica tion  o f wastewater solids to a par­
t i c u la r  farm. The MMSD must get formal approval from the DNR to
apply SSWWTP so lids to p a r t ic u la r  farms. Through the approval
process, the DNR may set up re s tr ic t io n s  on certa in  types o f 
s o i l ,  seasons, and other conditions.
We also fo llow  guidelines promolgated by the U.S. Environmental 
Protection Agency.
On the local le v e l,  some towns and county o f f i c ia ls  set up rules 
al so.
7. Can anyone get in the Program?
The SSWWTP Solids D is t r ib u t io n  Program is  open to any farm operator
wishing to receive the benefits th is  f e r t i l i z e r  and so il con­
d it io n e r  has to o f fe r .
8. How much does i t  cost?
SSWWTP so lids  are de livered, spread and incorporated in to  the 
so il free  of any cost to the farmer.
B. WHAT ARE SSWWTP SOLIDS?
The Milwaukee Metropolitan Sewerage D is t r i c t 's  South Shore Plant 
(SSWWTP) p u r i f ie s  sewage by a method called the activated-sludge 
process. In the activated-sludge process, solids are removed and 
s ta b i l iz e d  and the clean e f f lu e n t  is discharged in to  Lake Michigan.
The so lid  portion is  converted by an additional method called the 
anaerobic d igestion  process in to  two valuable products, methane gas 
fo r  the treatment p la n t 's  in te rna l energy needs (generating e le c t r ic i t y  
and compressing a i r )  and sludge. U t i l iz a t io n  of sludge on a g r ic u l­
tu ra l land is  not new and the D is t r ic t  has been involved in using 
th is  method since 1975. App lica tion  of the solids to farmland pro­
vides fo r  crop f e r t i l i z a t i o n  and so il enrichment and is  a log ica l 
way to recover a valuable resource. The D is t r ic t  follows "Guidelines 
fo r  the App lica tion  o f Wastewater Sludge to A g r icu ltu ra l Land in
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Wisconsin", Technical B u l le t in  No. 88, published by the Wisconsin 
Department of Natural Resources. The recommendations and regulations 
of the U.S. Environmental Protection Agency are also followed. SSWWTP 
so lids  are ava ilab le  to  Milwaukee metropolitan area farmers, and i t  
comes w ith  a service program tha t includes de livery  and monitoring.
1. What are the advantages o f using SSWWTP solids on ag r icu ltu ra l 
land?
SSWWTP so lids are almost an ideal f e r t i l i z e r .  I t  not only contains 
nitrogen and phosphorus, but also contains the m icronu tr ien ts , 
such as calcium, magnesium, s u l fu r ,  z inc, and copper tha t plants 
need.
SSWWTP solids w i l l  improve the s o i l 's  physical condition. The 
organic matter in  sludge improves so il t i l t h  and i t  increases 
the s o i l 's  a b i l i t y  to absorb water and hold nu tr ien ts . This 
helps to  reduce erosion and natural runo ff.
SSWWTP solids act as a "slow release" f e r t i l i z e r .  Nitrogen and 
other nu tr ien ts  from the organic matter are slowly released 
throughout the growing season.
SSWWTP solids applied to a g r icu l tu ra l land reduces environmental 
p o l lu t io n .  The s o i l  has a tremendous capacity to decompose organic 
matter. Many experts consider placing wastewater solids on a g r ic u l­
tu ra l land to be the safest environmental method o f solids disposal.
2. What are the l im ita t io n s  o f using SSWWTP solids on a g r icu ltu ra l 
land?
Nitrogen - I f  too much o f the so lids are applied to the land and 
the crop cannot use a l l  the nitrogen in the so lid s , then n itra tes  
may leach in to  the groundwater. (This is  also true of commercial 
f e r t i l i z e r . )  That is why the NMSD w i l l  only apply only enough 
solids to  meet the nitrogen needs of the crop to be grown.
Heavy Metal T o x ic ity  - SSWWTP solids contain small amounts o f the 
heavy metals, such as z inc , copper and n icke l.  I f  too much of 
the solids are applied fo r  many years, the metals may accumulate 
to leve ls  to x ic  to p lants . However, research t e l l s  us tha t i f  
SSWWTP so lids  are applied at a rate to use the nitrogen e f fe c t iv e ly  
the heavy metals in  SSWWTP so lids w i l l  not become a problem. That 
is why the MMSD w i l l  keep careful records on the amount o f sludge 
applied in  order to protect the farmer and the land.
Toxic Elements in  the Food Chain - SSWWTP solids contain very low 
amounts o f such elements as arsenic and mercury. Plants do not 
re ad ily  absorb them and these elements w i l l  not be a problem.
Cadmiurn - Cadmium is  an element which is p o te n t ia l ly  tox ic  to man 
and animals. The amount o f cadmium in SSWWTP solids are low 
enough not to cause problems i f  the so lids are applied at the 
recommended nitrogen rates.
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Pathogenic Organism - SSWWTP solids are s ta b il ize d  by the 
anaerobic d igestion  process. In th is  process, most o f the 
pathogens die o f f .
The remaining pathogens rap id ly  die o f f  when applied to the s o i l .
Odors - SSWWTP so lids can have an odor. Incorporating (discing) 
the so lids in to  the so il  w i l l  reduce the odor to  low leve ls .
In any case, the odor is, much less than tha t caused by manure.
Soi 1s - Some so ils  are not suited fo r  SSWWTP solids app lica tion  
because there is a r is k  of contamination of surface or groundwater, 
In general, these r isks e x is t  under the fo llow ing conditions:
1) High water table (less than 2 feet)
2) Fields subject to f looding and ponding
3) Steep slopes (greater than 12 percent)
4) Shallow soils to bedrock (less than 2 feet)
5) High permeability (very sandy so ils )
6) So ils  with a pH lower than 6.5
C. HEAVY METALS
1. What are heavy metals?
Heavy metals are na tu ra lly -occurr ing  elements found in the 
environment. Examples o f these include chromium, copper, z inc ,
mercury, n icke l,  lead, cadmium, and iron . SSWWTP solids contain
trace amounts of these metals.
2. What damage w i l l  heavy metals cause? W ill they harm land?
When SSWWTP so lids  are applied at correct app lica tion rates,
heavy metals w i l l  not be a problem. Only when excessive amounts 
of sludge are applied over a period of years can a metal buildup 
occur and problems re s u l t .
For th is  reason, the MMSD has in s t i tu te d  a comprehensive program 
o f so lids management and monitoring. Calculation of sludge 
a pp lica t ion  rates and con tro lled  f ie ld  app lica tions, through 
f i e ld  inspections, are done fo r  every f ie ld  receiving so lids . 
Testing o f s o i ls ,  plants and solids is accomplished on a regular 
basis. In th is  way, the farm operator can be guaranteed tha t 
heavy metals w i l l  not damage or po llu te  his land. With the 
so lids management program, safety is assured. The land w i l l  
b e n e f it ,  crop y ie ld s  increase, and the environment is protected.
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3. How do I know tha t the heavy metals w i l l  not damage the land, 
crops or environment?
Soil s c ie n t is ts  have determined through research tha t the metals 
found in  wastewater so lids w i l l  become t ig h t ly  attached to the 
surfaces o f  the s o il  p a r t ic le s  and w i l l  not migrate in to  the 
groundwater or in to  surface waters.
Some of the metals tha t are found in  wastewater solids are 
a c tu a lly  benefic ia l to crop production because they are the 
m icronutrients needed by the p lants. For example, zinc is a 
necessary element found in  p lants. Soils tha t are de fic ien t 
in  zinc w i l l  not produce as high crop y ie lds  as do so ils  tha t 
have enough zinc in  them.
Most of the other metals tha t may be found in  wastewater solids 
are not re ad ily  absorbed by p lants. These metals are e ithe r 
changed in to  harmless compounds or are t ig h t ly  attached to the 
so il  p a r t ic le s .
Cadmium is  one metal tha t is found in wastewater solids tha t 
is  not needed e ith e r  by p lan ts , animals or man. There is  much 
controversy among sc ie n t is ts  over the dangers of cadmium. Some 
h igh ly  respected s c ie n t is ts  say that cadmium in food could cause 
health problems to animals and man. Other equally respected 
sc ie n t is ts  say tha t cadmium in  food w i l l  not be a problem. For­
tuna te ly , the amount o f cadmium that is  found in SSWWTP solids 
is  low enough not to cause any problems to the land or to the 
food grown on them.
To be absolute ly ce rta in  tha t the metals found in SSWWTP solids 
do not damage the land, crops or environment, the MMSD has 
in s t i tu te d  i t s  Solids Management Program.
Part o f the Program consists of analyzing the so ils  so tha t we 
can determine absolute ly safe levels of the metals that are added 
to the s o i ls .  We at the MMSD analyze the solids to determine 
the amount o f metals in the so lids . We keep careful records 
o f the amount o f SSWWTP solids that are placed on a p a r t ic u la r  
f ie ld  so tha t we can compute the amount of each metal added to 
the s o i l .
We w i l l  also analyze the tissue of plants from time to time to 
determine the metal uptake of these plants.
The farm operator w i l l  receive, fo r  his own use, a copy of a l l  
records tha t we generate.
We fo llow  the recommendations found in Technical B u l le t in  88 
tha t regulate the annual and to ta l amount of SSWWTP solids tha t 
may be placed on a f ie ld .
With a l l  these con tro ls ,  we are certa in  that a farm w i l l  remain 
in  productive use fo r  a l l  generations to come, crops w i l l  not be
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adversely affected by the metals added to the s o i l ,  and mankind 
and environment w i l l  be adequately protected.
D. SLUDGE APPLICATION
1. How can the Contractor be tte r coordinate his hauling and a p p l i­
cation w ith  my farm plan?
The coordination o f hauling SSWWTP solids to farm f ie ld s  is  now 
the re s p o n s ib i l i ty  o f  the MMSD. Contacts between MMSD represen­
ta t ives  and the farm operator w i l l  help to insure tha t SSWWTP 
solids w i l l  be delivered where and when he wants i t .  Due to 
the fa c t  th a t only so much so lids can be delivered in a given 
time period, i t  is  best to make arrangements in  advance to 
guarantee de live ry .
2. How often can a f ie ld  have so lids applied?
A g r icu ltu ra l f ie ld s  have an app lica tion  once p r io r  to p lanting. 
A f te r  a crop has been grown and harvested, the f ie ld  w i l l  again 
become e l ig ib le  fo r  another app lica tion . Whether the solids 
app lica tion  is  in  the f a l l ,  spring or summer, another app lica tion 
is  not permitted u n t i l  a crop has been grown and harvested.
3. W ill d iscing be a cost to the farmer?
The practice  o f discing in the solids in to  the so il immediately 
fo llow ing  solids app lica tion  w i l l  be done by the contract hauler. 
The cost o f d iscing is  paid fo r  by the MMSD through i ts  contract 
w ith  the hauler. The farm operator is  under no ob liga tion  to 
e ith e r  disc or pay fo r  the cost o f discing.
4. What app lica tion  method w i l l  be used?
The method o f so lids app lica tion  involves a simple 2-step approach. 
Step 1 involves making a uniform applica tion through the use of 
tank trucks w ith  spreading chutes. The tank trucks w i l l  be driven 
onto the f i e ld ,  the spreading chutes are then attached, a valve is  
opened, and the tanker drives across the f ie ld  w ith the solids 
being d is t r ib u te d  behind. Enough solids w i l l  be la id  down on 
the f i r s t  pass by the tankers to meet the f e r t i l i z e r  needs of 
the crop being grown. Step 2 completes the 2-step approach 
through the use of a commercial d isc. This disc is  used to in ­
corporate the so lids w ith  the so il immediately a f te r  app lica tion .
5. How much so lids  are applied on f ie lds?
Sludge-loading rates are governed by two factors:
1) the amount o f n itrogen in  the sludge; and
2) the nitrogen needs o f the crop to be grown.
App lica tion  rates w i l l  be calculated by matching the amount of
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nitrogen in  the sludge to the nitrogen necessary fo r  crop growth. 
Applica tion rates w i l l  vary, but generally speaking, look fo r  a 
uniform sludge blanket o f 1/2 inch to 3/4 inch in  thickness.
CROPS
1. What crops can be sludged?
A l l  row crops are prime benefic ia ries  o f a solids app lica tion  
program. Crops, such as corn, soybean, w in ter wheat and oats 
respond well when f e r t i l i z e d  w ith th is  product. Hay f ie ld s ,  
i f  applied d i re c t ly  a f te r  a cu tt in g , can be a rec ip ien t o f a 
solids a p p lica t ion . Only vegetables have l im ita t io n s  placed 
on them. Root crops or other vegetables l e f t  uncooked cannot 
be grown in the year tha t so lids are applied.
2. W ill my y ie ld  increase a f te r  sludge is  applied?
Test re s u l ts ,  as well as p ractica l f ie ld  experience, indicates 
the f e r t i l i z e r  value o f sludge to be equal to commerical f e r t i ­
l i z e r  fo r  crop production. Sludge has the added advantages o f 
providing many m icronutrients not availab le w ith standard commer­
c ia l app lica tions and has the a b i l i t y  to release nutrients over 
a long period o f time which benefits the crop throughout the 
growing season. However, SSWWTP solids DO NOT contain enough 
potassium (potash). I t  is s trongly recommended tha t farm oper­
ators add s u f f ic ie n t  potash to th e ir  f ie ld s .  A copy of the Soil 
Test Report is  given to the farm operator. The Soil Test Report 
w i l l  recommend the amount of potassium needed.
3. Do SSWWTP solids promote weed growth?
The wastewater treatment process v i r t u a l ly  eliminates a l l  weed 
seeds from the f in a l  so lids product. Only tomato seeds have 
shown an a b i l i t y  to survive the wastewater solids digestion pro­
cess. When so lids  are applied to the s o i l ,  weed growth may be 
enhanced because o f the increased f e r t i l i t y  and moisture-holding 
capacity o f the s o i l .  Weed seeds tha t may have been dormant in 
the so il p r io r  to the SSWWTP solids app lica tion are able to ger- 
mi nate.
SSWWTP so lids  increase the organic matter in the s o i l .  Because 
o f th is ,  farm operators have to increase the amount of herbicide 
applied in order to properly control weed growth.
4. Why did we have more "down gra in" a f te r  SSWWTP solids had been 
applied?
The "down gra in" problem refers to oat f ie ld s  which topple over 
p r io r  to harvest. This phenomenon occurs in a small percentage 
o f the to ta l f ie ld s  applied. The apparent cause may be a ttr ib u te d  
to e ith e r  an excess o f nitrogen causing extra vegetative growth 
or a lack o f potassium (potash), causing weakness in the stem
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t issue  o f the p lan t.
Although SSWWTP so lids are v i r t u a l ly  a complete f e r t i l i z e r ,  the 
so lids lack s u f f ic ie n t  potassium (potash) fo r  best plant growth. 
For th is  reason, add it ion  o f potash to your f ie ld s  w i l l  substan­
t i a l l y  increase your y ie lds  and reduce the amount of "down grain",
5. W ill top spreading of SSWWTP solids help a hay f ie ld ?
Although hay is  capable o f producing i t s  own nitrogen, supple­
mental additions w i l l  help the hay crop. Nitrogen, phosphorus, 
and m icronu tr ien ts , such as copper, z inc, and s u lfu r ,  are a l l  
n u tr ie n t  benefits provided by th is  valuable product. Experience 
shows tha t the hay w i l l  be greener in co lo r, larger in s ize , and 
have a higher moisture content than untreated hay crops. Solids 
app lica tions should be accomplished immediately a f te r  a cu tt ing  
to avoid any possible damage to new hay growth from truck t r a f f i c .
SSWWTP so lids  are r ich  in  phosphorus. The phosphorus encourages 
growth in  the root system of hay f ie ld s ,  allowing fo r  more v ig ­
orous growth. The re su lt  is  an increase in y ie ld .
F. COSTS
1. Why is  there no cost to the farm operator?
A l l  costs o f the Program are absorbed by the MMSD. There are 
only a few ways tha t wastewater solids can be disposed o f properly. 
Wastewater solids can be inc inerated, placed in l a n d f i l l ,  made 
in to  a compost, d ried, bagged and sold as a f e r t i l i z e r ,  or ap­
p lied to a g r ic u l tu ra l land. Of the options presently available 
to the MMSD, the best environmentally safe option is to place 
the so lids on a g r icu l tu ra l land. Doing so, returns the organic 
matter, the nu tr ien ts  and s o i l -b u i ld in g  ca p a b il i t ie s  to the land. 
Under th is  s i tu a t io n ,  everyone benefits . However, the MMSD 
presently does not have enough customers (farmers) w i l l in g  to 
use solids to create a demand great enough to allow the MMSD to 
charge fo r  i t .
2. How much w i l l  I save by using SSWWTP solids?
Estimates vary, but generally speaking, a farmer w i l l  save be­
tween $50 and $100 per acre by using SSWWTP solids as his crop 
f e r t i l i z e r .  The crop grown and the amount of solids applied 
w i l l  determine the exact savings achieved.
A farmer saves the cost o f f e r t i l i z e r  i t s e l f .  He saves the labor, 
fue l and machinery necessary to apply f e r t i l i z e r .  He saves some 
of the cost o f preparing the f ie ld  because the MMSD incorporates 
the so lids in to  the s o i l .
A farmer w i l l  also enjoy increased p ro f i ts  because of increased 
crop y ie ld s .
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The condition o f the so il  is  improved, m icronutrients are added, 
increasing the s o i l 's  f e r t i l i t y .
The savings, benefits and p r o f i t  realized from SSWWTP solids are 
substan tia l.
3. W ill we have to pay fo r  sludge in  the future?
Currently no fee is  charged fo r  de live r ing  sludge to farm f ie ld s .  
However, as fu tu re  demand become greater and costs increase, i t  
may become necessary to charge a fee.
G. CHARACTERISTICS OF SLUDGE
1. How much n itrogen, phosphorus, and potassium (potash) is contained 
in sludge?




2. Does sludge have an odor?
A fte r  applying sludge, there w i l l  be a mild odor.
Soil microorganisms w i l l  use the solids as a food source much the 
same way tha t manures are used. Odors are libe ra ted  from the 
microbial decomposition. The advantage of SSWWTP solids over 
manures is tha t the so lids are more completely digested a t the 
treatment p lant and, therefore , w i l l  not produce as strong an 
odor when applied to farm f ie ld s .  Temperature and humidity also 
influence odors. Hot, humid days w i l l  produce a stronger odor 
than cool dry days which may produce no odor at a l l .
3. Is there any lime in  solids?
There is  no lime s p e c i f ic a l ly  added to the solids p r io r  to a p p l i ­
cation. Certain trace amounts o f lime are found in the so l id s , 
but not to the extent tha t the solids could be considered "limed".
4. W ill sludge a f fe c t  n ight crawlers?
Sludge app lica tions w i l l  not have any adverse e ffects  on earthworm 
population. In fa c t ,  earthworm population w i l l  ac tua lly  increase 
because of the extra food provided them in the form of organic 
matter.
5. Are there other uses fo r  wastewater solids?
F e r t i l iz a t io n  o f a g r ic u ltu ra l lands is  the primary means of so lids 
u t i l i z a t io n .  Some small scale projects have been t r ie d  where the
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so lids  are used as a food supplement in ca tt le -feed ing  operations.
Forest p lantations have also received dosages of solids to promote 
seedlings through mature timber growth. Reclamation of s t r ip  mine 
lands is another benefic ia l use of wastewater so lids.
6. What would be done w ith  the so lids i f  i t  were not applied to 
farm f ie ld s?
The SSWWTP so lids from the South Shore Treatment Plant would 
e ith e r  be (1) composted and d is tr ibu ted  to the pub lic ; (2) in ­
cinerated and the ashes shipped to a l a n d f i l l ;  or (3) shipped 
d i re c t ly  to a la n d f i l l  w ithout inc ine ra t ion . At the present 
time, none of these options are available to the South Shore 
Plant.
7. What are the harmful e ffec ts  o f sludge?
Sludge when properly d is tr ib u te d  and monitored, w i l l  not create 
any problems. Potentia l problems that may cause concern would be 
(1) odors; (2) heavy metals; (3) nitrogen; and (4) pathogens.
Odors could be a problem i f  the sludge is not disced in with the 
ground a f te r  app lica t ion . Heavy metals could be a problem i f  
the f ie ld  is  grossly overloaded. Nitrogen could leach into 
groundwaters i f  too much is  applied. Pathogens could be present 
in  sludge and, when applied to sloping s o i ls ,  could run downhill 
in to  streams or lakes. A l l  of these problems are taken care o f ,  
however, w ith  the current comprehensive solids management and 
monitoring program tha t the MMSD conducts. A ll f ie ld s  are properly 
screened by MMSD f ie ld  personnel p r io r  to app lica tion . In add it ion , 
people from the Department o f Natural Resources reinspect the 
f ie ld s  to assure a completely safe approach. Tests are conducted 
on the s o i ls ,  plants and solids to determine exactly what is 
happening to sludge constituents. Sludge is  applied a t DNR- 
approved rates with DNR-approved methods. Detailed records are 
kept on each f ie ld  to insure a safe, benefic ia l application pro­
gram.
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APPENDIX B 
APPROACH TO PUBLIC INVOLVEMENT
Although the purpose of my thesis was the study o f public 
acceptance of sludge land app lica t ion , a s ig n if ic a n t  study find ing as to 
public  involvement has a p p l ic a b i l i t y  beyond sludge land application 
programs. L ite ra tu re  research, communications with C ity o f f i c ia ls ,  and 
observations o f the Milwaukee Metropolitan Sewerage D is t r ic t  have shown 
tha t pub lic  involvement is  the most c r i t i c a l  component in any program 
a ffe c t in g  the pub lic , and the approach towards public involvement taken 
by o f f i c ia l s  is as important as public involvement i t s e l f .
Thesis resu lts  ind ica te  tha t public involvement alone does not 
lead to  successful creation/implementation of a program. The p u b l ic ’ s 
concerns must be responded to ,  information openly provided, and public 
views considered in  the decision-making process. More s p e c if ic a l ly ,  
the fo llow ing approach should be taken in public p a rt ic ipa t ion  programs :
1. The unbiased presentation of information to the public
2. Response to public concerns and reso lu tion , i f  possible
3. Mutual respect between program administrator and the pub lic ,
and
4. Public involvement in decision-making.
While th is  approach w i l l  probably not make decision-making easier, thesis 
f ind ings ind ica te  tha t th is  approach should make decision-making bette r.
My thesis research on the Milwaukee Metropolitan Sewerage 
D is t r i c t 's  sludge land app lica tion  program provides perhaps the extreme 
example o f the wrong approach to pub lic  involvement. I f  the MMSD program 
is  compared to the recommended public  p a r t ic ip a t io n  program approach
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noted on the previous page, the Milwaukee Metropolitan Sewerage D is t r ic t  
did almost everything wrong. Public involvement was used only in a token 
way; tha t is ,  public  concerns, help, and input were rare ly  addressed. 
Information was provided sparingly to the pub lic , and the Sewerage 
D is t r i c t  knew p r io r  to public  p a r t ic ip a t io n ,  what decisions i t  wanted.
This public  involvement experience, while providing support to thesis 
f in d in g s , provided a one-sided example of public involvement approach 
a p p l ic a b i l i t y .  But what about public involvement tha t u t i l iz e d  an 
approach s im ila r  to tha t supported by thesis findings? My professional 
career as an environmental analyst fo r  the Connecticut Coastal Management 
Program affords such an example.
The C ity  of Norwalk's Planning Department, under the auspices of 
the Connecticut Coastal Management Act (CCMA), undertook the creation of 
a Municipal Coastal Program (MCP). Succinctly , th is  program involved the 
study o f e x is t in g  resources, land uses, and zoning w ith in  the coastal 
boundary, and rev is ion  of the C ity 's  Plan o f Development and Zoning Regu­
la t io n s ,  to insure tha t development in the coastal zone is consistent 
w ith  the po lic ies  and goals o f the CCMA. The "s e n s i t iv i ty "  of such a 
program was great inasmuch as the fu ture  use of private property (as well 
as City-owned land) was under consideration. The C ity 's  Planning Depart­
ment took the task d ire c t ly  to the public . Two informational meetings 
were advertised and held to discuss the CCMA and the in ten t of a municipal 
coastal program. Names were s o l ic i te d  fo r  ind iv idua ls  interested in 
serving a two year term on a C it ize n 's  Advisory Board. Over s ix ty  names 
were received, from which the Planning s ta f f  selected twenty-four Board 
members. Membership se lection was based on the in d iv id u a l 's  area of 
residence, f inan c ia l in te re s t  in the program, representation of a c it izens
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group or pub lic  agency, and career background. Based on these c r i t e r ia ,  
in d iv idua ls  representing a l l  areas and in terests  of the C ity sat on the 
Board,
The approach taken by the Planning s ta f f  was to provide background 
information to in i t i a t e  the program, and then to function as the Advisory 
Board's s ta f f  in  sa t is fy in g  and providing the informational needs of 
the Board. For example, the Advisory Board wanted a p ic to ra l represen­
ta t io n  of how the coastal zone could be developed under ex is t ing  zoning. 
The Planning s ta f f 's  graphic a r t i s t  prepared schematics of what could 
occur under ex is t in g  zoning and from these the Board discussed what 
"should" occur in the zone. These p o s s ib i l i t ie s  were also diagramed so 
tha t a v isual comparison could be made. I f  the Advisory Board wanted 
information on other w aterfron t development or planning and zoning 
options, the Planning s ta f f  would study i t ,  and provide information at 
the next meeting. Both the advantages and disadvantages o f planning 
options were presented, without value judgment by the Planning s ta f f .  
Comments, concerns, and opinions were aired without fear of r id ic u le ;  
'blowing off-steam' was not thwarted. Respect and dedication to resolving 
a l l  concerns was the goal.
The bi-weekly meetings were announced, open to the pub lic , and 
always well attended by the Board members as well as the public a t large. 
Public comment was heard and responded to immediately or at the next 
meeting i f  the question/concern required research.
The evolution o f th is  process was impressive. In te rest in the 
program went from in d iv id u a l,  and somewhat h o s t i le  personal in te re s t ,  
to mutual concern in  developing the best municipal coastal program fo r  the 
C ity  as a whole. Negative a t t i tu d e s  were replaced by pos it ive  ones in an
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atmosphere of open informational exchange and sa tis fac to ry  compromise.
For example, one o f the Advisory Board members, Mr. Gardela, owned sub­
s ta n t ia l w a te rfron t property on which he operated a marina. The land 
was zoned to  permit high density res iden tia l development. During the 
MCP process, the Advisory Board set as one of th e ir  goals, the preser­
vation o f ex is t in g  marinas; a goal which required a zone change fo r  Mr. 
Gardela's property so tha t high density res identia l development could not 
occur. Mr. Gardela had a great f inanc ia l in te re s t in opposing such 
ac t ion ; fo r  should he ever want to se ll his property or develop i t ,  a 
considerable sum o f money could be obtained under the land's ex is ting  
zoned use. Sympathetic to his needs, and yet desiring to secure i t s  
goal o f marina preservation, the Advisory Board studied the planning and 
zoning options ava ilab le  and found a so lution in the mechanism o f the 
tra n s fe r  o f development r ig h ts .  The Advisory Board's goal o f marina 
preservation and Mr. Gardela's f inanc ia l in terests  thus were both 
accommodated.
Upon completion of th is  process, the Advisory Board reached 
consensus on a Municipal Coastal Program and displayed a commitment that 
brought many Board members to the public  hearings to help the Planning 
s ta f f  c la r i f y  the program. A fte r  three public hearings, the Municipal 
Coastal Program was unanimously approved by the Planning and Zoning 
Commission.
This e f f o r t  by the C ity  o f  Norwalk supplied the example o f the 
evolution o f  a successful public  involvement program. The public invo lve­
ment approach taken by the Planning s ta f f  had a l l  the components which my 
thesis research indicated were necessary to bring about successful pro­
gram completion: the unbiased presentation of in formation, response to
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public  concerns and reso lu t ion , mutual respect between program p a r t i c i ­
pants, and public  involvement in  the decision-making.
The Milwaukee Metropolitan Sewerage D is t r ic t  experience and the 
experience o f the C ity  o f  Norwalk provide two contrasting examples of 
the importance o f  public involvement approach. The inherent differences 
in  the programs which each C ity  sought to implement are important in 
considering the actual app lica tion  o f the recommended public involvement 
approach to other types of programs a ffec ting  public in te res ts . Although 
my thesis f ind ings were derived as a re su lt  o f studying public acceptance 
to the land app lica tion  of sludge, a p p l ic a b i l i ty  of these findings to 
a l l  public  involvement programs seems to be indicated in  assessing 
Norwalk's public  involvement program.
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Treatment and Other 
R estr ic tions Regulations Restr ic tions
Alabama................ Secondary Treatment No
Alaska ................ . . . Yes Secondary or Advanced No Permit Required
Arizona................ II il 1 No -
Arkansas . . . . Secondary No —
C a li fo rn ia  . . . Primary to Advanced No Ad Hoc Basis
Colorado . . . . Secondary & D is in fec t ion No Allowed in  L a n d f i l ls
Connecticut. . . Ad Hoc Basis No -
Delaware . . . . Secondary & D is in fec tion No L a n d f i l l  - Ad Hoc
D.C......................... Prohibi ted No -
F lo r id a ................. . . . Yes Secondary to Advanced No L a n d f i l l  - Ad Hoc
Georgia................ . . . Yes Secondary & D is in fec tion No "
Guam..................... Ad Hoc Basis - -
Hawa i i ................. . . . Yes Secondary & D is in fection No -
Idaho..................... Secondary or Sec. & D isin. Yes Heat Treatment
I l l i n o i s  . . . . . . .  Yes Secondary Yes Ad Hoc Basis
Ind iana................. - No S tab ilized
I o w a ..................... Not Generally Practiced No L a n d f i l l  i f  Dewatered
Kansas ................ . . .  No Secondary Yes Ad Hoc Basis - L a n d f i l l
Kentucky . . . . Secondary & D is in fection No Ad Hoc Basis
Louisiana. . . . Secondary No Ad Hoc Basis
Mai ne..................... Secondary & D is in fection - -
Maryland . . . . Secondary - —
Massachusetts. . . . .  No - Yes Landfi11 - Ad Hoc
Michigan . . . . Prohib ited, or secondary & 
D is in fec tion
Yes Ad Hoc Basis










Treatment and Other3"CD Regulations Restri ctions Regulations Restric tions
8
M ississippi. . . . Secondary & D is in fection No S ta b i l iz e d  -  Ad Hoc
(O' Missouri .................. . . Yes Secondary & D is infection Yes L a n d fil l  i f  Dewatered
O Montana...................... - Yes L a n d fil l  i f  Dewatered
3 Nebraska .................. Not Currently Practiced No —CD Nevada ...................... Ad Hoc by Permits No
"n New Hampshire. . . . . Yes Secondary & D is infection Yes Permit -  Ad Hoc Basi s
3-3" New Jersey . . . . . . Yes Secondary -  Toxics Prohib. Yes L a n d fil l  -  mixed with refuseCD New Mexico . . . . . . No - No -
O New York .................. . . No Secondary -  D is in fection No Ad Hoc Basis
O North Carolina . . . . No Advanced & D is infection No Ad Hoc Basi s
c North Dakota . . . Secondary Yes L a n d fi l lS-
o' Ohi 0 ........................... I f  not cost e f fe c t iv e  - no Yes L a n d fil l  -  Ad Hoc3
■D di sposal
O Oklahoma .................. Secondary Yes L an d fi l l  - Ad Hoc
CT Oregon ...................... Secondary & D is infection or Yes L an d fi l l  -  Permit
CDO. more stringent
$ Pennsylvania . . . . . Yes Secondary & Disinfection Yes L a n d fil l  -  Permit, i f  digested
3" & Dewatered
Puerto Rico. . . . - No —"OCD Rhode Is la n d  . . . Discouraged Yes L an d fil l  - Ad Hoc
3 South Carolina . . . . No Ad Hoc Basis Yes U l( II(/)(/) South Dakota . . . . . No Seconcbry & D isinfection No Ad Hoc Basiso'
3 Tennessee.................. Secondary & D is infection Yes De watering
Texas........................... . . Yes Secondary or Secon. & Disin Yes L an d fil l  - Ad Hoc
Trust T e r r i to r ie s . . . No Ad Hoc Basi s - —
U t a h ........................... Secondary Yes Digested or more Stringent






























Treatment and Other 
R estr ic tions Regulations R estr ic tions
Virginia . . . . Secondary & D is in fection No S tab il ize d  or more Stringent
Washington . . . Secondary & D is in fec tion -
West V irg in ia . . - - -
Wisconsin. . . . . , . Yes Secondary & D is in fec tion Yes Digestion as a Minimum
Wyoming................. Secondary - -
CD
Q.







Allaway, W. H. "Food Chain Aspects o f the Use o f Organic Residues."
Soils  fo r  Management of Organic Wastes and Waste Waters.
Madison, Wisconsin: Soil Science Society of America, 1977,
pp. 283-296.
"Around the Sta tes." Sludge Magazine, July 10, 1979, p. 110.
Bastion, Robert K. "Federal Outlook on Land Application of Sludge."
West Lafayette, Indiana, May 1978.
Brandon, Jerry R. "Parasites in Soil/Sludge Systems." Orlando,
F lo r ida , 1978.
Braude, George; Sagik, Bernard; and Sorber, Charles A. "Human Health 
Risk: Using Sludge fo r  Crops." Water and Sewage Works, December
1976, pp. 62-63.
Bureau of National A f fa i r s ,  Inc. "O f f ic ia ls  Discuss Problems of S it ing  
Hazardous Waste Disposal F a c i l i t ie s . "  May 1979.
Burge, Wylie D ., and Marsh, Paul B. "In fectious Disease Hazards of
Landspreading Sewage Wastes." Journal o f Environmental Q u a li ty , 
January-March 1978, pp. 1-8.
Carson, L e t t ie  G. "C itizens Debate Land Application: When a Rural Area
Wants Urban Waste." Compost Science/Land U t i l i z a t io n , July/August 
1979, pp. 35-36.
Committee on a Multi medium Approach to Municipal Sludge Management.
Multi medium Management o f Municipal Sludge. Washington, D.C.: 
National Academy o f Sciences, 1977.
Council fo r  A g r icu ltu ra l Science and Technology (CAST). Application of 
Sewage Sludge to Cropland: Appraisal of Potential Health Hazards
o f Heavy Metals to Plants and An iim ls . Washington, D.C.:
U.S. EPA, 1976.
Davoli, Dana J. "Approaching Sludge as a Hazardous Waste." Compost 
Science/Land U t i l i z a t io n , July/August 1979, pp. 33-34.
Dotson, G. Kenneth, and Ryan James A. "S ite  Se lection." Washington,
D.C.: U.S. Government P r in t ing  O ff ice , 1977.
Dunbar, John 0. "Public Acceptance - Educational and Informational Needs." 
Proceedings of the Jo in t  Conference on Recycling Municipal Sludges 
and E ffluents on Land, n .p . :  Ju ly 1973.
76
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
East Troy Town Battles Sludge Dumping." Waukesha Freeman, 28 February 
1980, p. 1. ~ -----------------------
Easton, Eric B. "EPA's New Public Part ic ipa tion  Rules - Constructive or 
Obstructive?" Sludge Magazine, March-April 1979, pp. 17-18, 20.
"Metro Denver's S it ing  Ordeal; A Decade from Planning to
R e a li ty ."  Sludge Magazine, July-August 1978, pp. 10-14
Giordino, P. M., and Mays, D. A. E ffec t o f Land Disposal Applications of 
Municipal Wastes on Crop Yields and Heavy Metal Uptake. Washington, 
D ie . : n .p .,  1977. ^
Heberlein, Thomas A. P rinc ip les o f Public Involvement. Madison, 
Wisconsin; UWEX Pub lica tion , 1976.
Henningson; Durham; and Richardson. Land Application Plan, Executive 
Summary. Twin C it ie s ;  Metropolitan Waste Commission, 1978.
H i l l ,  Jack K. " In s t i tu t io n a l  Arrangements Between the A g r ic u l tu ra l is t  
and the M u n ic ip a l i ty ."  Ohio Farm Bureau Federation, Inc .; n.d.
Houck, C. P., and Smith, J. L. "Design o f Land Application Sites fo r 
Sludge; A Case Study at Fort C o ll in s , Colorado." Fort C o ll ins :
ASAE Technical Paper, June 1978.
" I t  May be Sludge to You . . . "  American City and County, July 1978.
Je linek , C. F . , and Braude, G. L. "Management o f Sludge Use on Land;
FDA Consideration." Proceedings of the Third National Conference on 
Sludge Management Disposal and U t i l i z a t io n . Rockville , Maryland; 
Information Transfer, In c .,  1977.
Johansen, Chris J. "S ite  Selection and Land Use Considerations."
U t i l iz in g  Municipal Sewage Wastewaters and Sludge on Land fo r  
A g r icu ltu ra l Production. East Lansing, Michigan; North Central 
Regional Pub lica tion , 1977, pp. 30-41.
Jones, R. Anne, and Lee, G. Fred. "Chemical Agents of Potential Health 
S ignificance fo r  Land Disposal o f Municipal Wastewater Effluents 
and Sludges." Risk Assessment and Health Effects of Land App li­
cation of Municipal Wastewater and Sludges. San Antonio, Texas: 
U n ivers ity  o f Texas, n .d . ,  pp. 27-57.
Kami e t ,  Kenneth S. "Helping P o li t ic ia n s  to Make the Best Decisions." 
Compost Science/Land U t i l i z a t io n , July/August 1979, pp. 30-32.
Keefer, R. F . ; Singh, R. N .; Horvath, D. J . ; and Khawaja, A. R. "Heavy 
Metal A v a i la b i l i t y  to  Plants from Sludge A pp lica tion ."  Compost 
Science/Land U t i l i z a t io n , May-June 1979, p. 33.
Keeney, Dennis R. "Environmental Impact o f Cadmium and Other Heavy 
Metals from Land-Applied Sewage Sludge." Technical Report.
Madison, Wisconsin; U n ivers ity  o f Wisconsin, 1976.
77
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Keeney, Dennis R ., and Wildung, R. E. "Chemical Properties of S o i l . "
Soils fo r  Management o f Organic Wastes and Waste Waters. Madison, 
Wisonsin: Soil Science Society o f America, 1977, pp. 75-95.
Kienholz, Eldon; Ward, Gerald M.; Johnson, Donald E .; and Baxter, John E. 
"Health Considerations Relating to  Ingestion o f Sludge by Farm 
Animals." Proceedings o f the National Conference on Disposal o f 
Residues on Land. St. Louis, Missouri: n .p .,  1976, pp. 126-132.
Kladivko, E. J . ,  and Nelson, D. W. "Changes in Soil Properties from 
Application of Anaerobic Sludge." Journal o f Water Pollution 
Control Federation. February 1979, pp. 325-332.
"Surface Runoff from Sludge-Amended S o i ls ."  Journal of Water
Po llu t ion  Control Federation, January 1979, pp. 100-110.
Knezek, Bernard D ., and M i l le r ,  Robert H ., eds. Applications of Sludges 
and Wastewaters on A g r icu ltu ra l Land: A Planning and Educational
Guide, n .p .:  Ohio A g r icu ltu ra l Research B u lle t in  1090, 1976, 
pp. 1.1-11.5.
Large, Donald W. "Land Application o f Wastewater and State Water Law:
An Overview." Washington, D.C.: n.p. November, 1977.
League o f Women Voters. "Municipal Sludge: What Shall We Do With I t? "
Washington, D.C.: By the author, 1976.
Letey, John, J r. "Physical Properties of S o i ls ."  Soils fo r  Management 
o f Organic Wastes and Waste Waters. Madison, Wisconsin: Soil
Science Society o f America, 1977, pp. 101-112.
Lucas, James B. ; Pahren, Herbert R.; Ryan, James A.; and Dotson, G. Kenneth. 
"The Impact o f Metals Present in Municipal Sludges Upon the Human 
Food Chain - A Risk Assessment." Risk Assessment and Health Effects 
o f Land Application o f Municipal Wastewater and Sludges.
San Antonio, Texas: Un ivers ity  of Texas, n .d .,  pp. 132-138.
Manko, Joseph M.; Katcher, Bruce S.; and McKinstry, Robert. "Solid 
Wastes and Commerce Clause Protection." Compost Science/Land 
U t i l i z a t io n , November/December 1978, pp. 27-30.
M artin , James P., and Focht, Dennis D. "B io log ica l Properties of S o i ls ."  
Soils fo r  Management o f Organic Wastes and Waste Waters. Madison, 
Wisconsin: Soil Science Society o f America, 1977, pp. 115-152.
Martiny, Eugene; Martin, R. J . ; McDuffie, Bruce; Figura, Paul M.;
Lahann, R. W. ; Andrus, R. E. ; Campbell, R. C .; Rogers, J. W.; and 
Camargo, T. W. "A Case H istory: Johnson C ity  Wastewater Treatment
Plant -  Commercial Removal o f  Liquid Sludge and Agricu ltu ra l _ 
D isposal." Journal o f Water Po llu t ion  Control Federation. 1978, 
pp. 1-30.
Menzies, J. D. "Pathogen Considerations fo r  Land Application of Human 
and Domestic Animal Wastes." Soils fo r  Management of Organic 
Wastes and Waste Waters. Madison, Wisconsin: Soil Society of 
America, 1977, pp. 575-584.
78
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Milwaukee Metropolitan Sewerage D is t r ic t .  Total Solids Management 
Program. Milwaukee Wisconsin: By the author, September 1978, 
pp. X II I-1 7  - X I I I -3 3 ,  I - l  - 1-3.
Moore, 8. E.; Sagik, 8. P.; and Sorber, C. A. "An Assessment of
Potentia l Health Risks Associated With Land Disposal o f Residual 
Sludges." n .p .:  National Science Foundation, 1976, pp. 1-13.
North Central Regional Extension Publication. U t i l iz in g  Municipal Sewage 
Wastewaters and Sludges on Land fo r  A g r icu ltu ra l Production.
East Lansing, Michigan: By the author, November 1977.
Pahren, Herbert R.; Lucas, James B .; and Ryan, James A. "Health Risks
Associated w ith  Land Application of Municipal Sludge." Journal o f 
Water P o llu t ion  Control Federation, November 1979, pp. 2588-2599.
Pahren, Herbert P.; Lucas, James B.; Ryan, James A.; and Dotson, G. Kenneth.
"An Appraisal o f the Relative Health Risks Associated with Land
Applica tion  of Municipal Sludge." Presented a t 50th Annual Con­
ference of the WPCF, October 1977.
Pedersen, Tom A., and Maslansky, Steven P. "Monitor fo r  Safe App li­
ca t io n ."  American C ity  and County, July 1978.
Porter, Michael E. "What Would You Do With 93 M il l io n  Gallons of Sewage 
Sludge?" Compost Science/Land U t i l i z a t io n , November/December 1978, 
pp. 16-17.
P ra t t ,  P. F. ; Thorne, M. D .; and Wiersma, Frank. "Future D irection of 
Waste U t i l i z a t io n . "  Soils fo r  Management of Organic Wastes and 
Waste Waters. Madison, Wisconsin: Soil Science Society of America, 
1977, pp. 621-634.
"Public Acceptance o f Sludge Land Application is  V i ta l . "  Water and Sewage 
Works, September 1978, pp. 126-128.
Robson, C. Michael. " Ind ianapolis  Landspreading Program." Presented at
the 5th National Conference on Acceptable Sludge Disposal Techniques, 
F lo rida , 1978, pp. 191-196.
Sabley, B, R ., and Hart, W. E. "Land Application o f Sewage Sludge;
I -E f fe c t  on Growth and Chemical Composition o f P lants." Journal o f 
Environmental Q u a li ty , 1975.
Seabrook, Bel ford  L. "Land Application o f Wastewater w ith a Demographic 
Eva lua tion ." Proceedings of the Jo in t Conference on Recycling 
Municipal Sludges and Effluents on Land. Washington, D.C.:
U.S. EPA, 1973, pp. 9-24.
"Sludge Dumping Addressed in Revised Sanitary Ordinance." Janesville  
Gazette, 11 May 1979, p. 3.
"Sludge Dumping Needs Regulating." Lake Geneva Regional News, 3 April 
1980, p. 3.
79
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
"Sludge Slips in to  News Once Again." Milwaukee Journal, 28 June 1979, 
p. 8.
Smith, J. L. "Land Management o f Subsurface Injected Wastewater Liquid 
Residuals." n .p .:  National Science Foundation, 1978, pp. 1-36.
Smith, J. L . ,  and Bryan, E. H ., eds. Williamsburg Conference on Manage­
ment o f Wastewater Residuals. Williamsburg, V irg in ia :  Hampton Roads 
Sanitation D is t r i c t ,  pp. 1-52, 106-154.
Somers, L. E. "P r inc ip les  o f Land Application of Sewage Sludge." U.S. EPA 
Technology Transfer Design Seminar fo r  Sludge Treatment and Disposal. 
C inc inna ti,  Ohio: n .p . ,  1977.
Sorber, Charles A., and Sagik, Bernard P. "Health Effects of Land App li­
cation o f Wastewater and Sludge: What are the Risks?" Water and
Sewage Works, Ju ly 1978, pp. 82-84.
Southeastern Wisconsin Regional Planning Commission. Planning Report 
No. 29. Milwaukee, Wisconsin: By the author, July 1978.
Statement o f Merna Hurd before the Subcommittee on Oceanography, House of 
Representatives, March 18, 1982.
Suleski , Steve. "Bu ild ing Public Support fo r  a Compost P lant." Compost 
Science/Land U t i l i z a t io n , September/October 1978, pp. 10-13.
S u ll iva n , Ralph H. "Federal and State Leg is la tive  History and Provisions 
fo r  Land Treatment o f Municipal Wastewater Effluents and Sludges." 
Proceedings o f the Jo in t Conference on Recycling Municipal Sludges 
and E ffluents on Land, n .p .,  July 1973.
Swan, Raymond. "Ind ianapolis Pro ject: From Lagoons to Landspreading in
Three Not-so-Easy Lessons." Sludge Magazine, May-June 1978, 
pp. 16-25.
"The P ub lic 's  Support fo r  Sludge Use is Alive and W ell." Compost Science, 
May-June 1977, pp. 2-3.
Theis, Jerold H .; Bolton, Veronica; and Storm, David R. "Helminth Ova in 
Soil and Sludge from Twelve U.S. Urban Areas." Journal of Water 
P o llu t ion  Control Federation, November 1978, pp. 2485-2493.
T ra in , Russel E. "The Uses and Abuses of Waste." Compost Science,
May-June 1975, pp. 1-3.
Trout, Thomas J . ; Smith, James L . ; and McWhorter, David B. Environmental 
Effects o f Land Application o f Anaerobically Digested Municipal 
Sewage Sludge. U n ivers ity  o f C a lifo rn ia : American Society of 
A g r icu ltu ra l Engineers, 1975.
"Underestimating the Human Element." Sludge Magazine, June 1977, p. 43.
80
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
U.S. Department o f Commerce. "Comprehensive Summary of Sludge Disposal 
Recycling H is tory: Metro Denver Sewage Disposal." Washington,
D.C.: U.S. Government P r in t in g  O ff ice , A pril 1977.
Municipal Sludge A g r icu ltu ra l U t i l iz a t io n  Practices: An
Environmental Assessment. Washington, D.C.: U.S. Government 
P r in t in g  O ff ice , 1978.
U.S. Environmental Protection Agency. Annual Report to Congress January- 
December 1979. On Administration of the Marine Protection, Research, 
and Sanctuaries Act o f 1972, as Amended and Implementing the In te r ­
national London Dumping Convention. Washington, D.C.: U.S. Govern­
ment P r in t ing  O ff ice , 1980.
________ • C r i te r ia  fo r  C la ss if ica t io n  of Solid Wastes Disposal F a c i l i t ie s
and Practices; F ina l,  In te r im  F ina l, and Proposed Regulations. 
Washington, D.C.: O ffice  o f the Federal Register, September 13, 1979.
________ • Environmental Changes from Long-Term Application of Municipal
E ff lu e n ts . Washington, D.C.: U.S. Government P rin ting  O ff ice , June 
1978, pp. 1-30.
________ • Evaluation o f Land Application Systems. Washington, D.C.;
O ffice  o f the Federal Register, March 1975.
Municipal Sludge Management: Environmental Factors.
Washington, D.C.: O ff ice  of the Federal Register, 1977.
 . Proposed Draft Regulation: D is tr ibu t ion  and Marketing of
Sewage Sludge Products. Washington, D.C.: O ffice of Water and 
Waste Management, 1980.
 . Process Design Manual fo r  Sludge Treatment and Disposal.
Washington, D.C.: U.S. Government P rin ting  O ff ice , October 1974, 
pp. 9-5 - 9-13.
 . Public P a rt ic ip a t io n  in  Programs Under the Resource Conser­
vation and Recovery Act, the Safe Drinking Water Act and the Clean 
Water Act. Washington, D.C.: O ffice  of the Federal Register, 1979.
Waste Disposal Practices and Their Effects on Ground Water,
Executive Sum nary. Washington, D.C.: U.S. Government Prin ting 
O ff ice ,  November 1979, pp. 26-27.
Vesilend, P. Aarne. Treatment and Disposal o f Waste Water Sludges.
Ann Arbor, Michigan: Ann Arbor Sciences, 1979, pp. 265-283.
Walker, John M. "Using Municipal Sewage Sludge on Land Makes Sense." 
Compost Science/Land U t i l i z a t io n , September/October 1979, 
pp. 28-29, 43.
. "Wastewater Renovation and Sludge U t i l iz a t io n  on Land Including 
Questions of Ownership." Compost Science/Land U t i l i z a t io n , 
September/October 1977, pp. 8-15.
81
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Wasbotten, Thomas P. "Public Health and Nuisance Considerations fo r  
Sludge and Wastewater App lica tion  to A g r icu ltu ra l Land." A pp li­
cations of Sludges and Wastewaters on A gr icu ltu ra l Land: A
Planning and Educational Guide. Washington, D.C.: Office o f Water 
Program Operations, 1978, pp. 9 .1-9.3.
"W ill Sludge Poison Us?" Lake Geneva Regional News, 6 December 1979,
p. 1.
Williams, Thomas F. "Conservation and Comnon Sense." Presented at 1976 
National Conference on Land Application of Waste Materia ls, March 
1976.
Wisconsin Department of Natural Resources. Guidelines fo r  the Application 
o f Wastewater Sludge to A g r icu ltu ra l Land in Wisconsin, Technical 
BuTTetin~No. 88. Madison, Wisconsin: By the author, 1975.
"Sewage Sludge Wastes th a t  Can be Resources." Madison, 
Wisconsin: By the author, 1976.
"Solid Waste Managenent Rules." Chapter NR 280 Wisconsin
Adm in is tra tive  Code. 1979.
Wolman, Abel. "Public Health Aspects of Land U t i l iz a t io n  of Wastewater 
E ffluents and Sludges." Journal of Water Po llu tion  Contro l, 
November 1977, pp. 2211-22 18.
82
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
